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INTRODUCTION
One of the most significant problems in the dairy industry today
is the flavor defect known as rancidity.

This defect has been

recognized for some time, but recent trends in milk handling have
increased the problem of rancidity.

Recently the dairy industry on

the farm has changed to the increased use of pipeline milkers and bulk
handling of milk.

Processing plants are becoming larger and more

centralized, resulting in more movement over longer distances for the

raw product.

These changes result in increased foaming and agitation

of the milk, contributing to the rancidity problem.
industry has changed.

The butter

Butter processing plants are larger and fewer

in number, and cream is often transported many miles.
kept in storage for longer lengths of time.

Butter is also

United States Department

of Agriculture (USDA) butter graders have detected increased incidepces
of rancidity in butter since 1971, and confirm that rancidity currently
is one of the major problems in the butter industry.
Butter production has always been a major sector of the dairy
industry.

During the . last 25 years, the butter industry has utilized

at least 16% of the annual milk production in the United States.

This

utilization had decreased from 2"Jfo in 1950 to the low of 16% in 1973,
and then the trend reversed so that 17/4 of the U.S. milk production
was used by the butter industry in 1975 (97).

This recent increase in

butter production emphasizes the importance of producing top quality
butter.

Butter makers cannot afford an increase in the incidence of
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rancidity, because this defect results in poor consumer acceptance
and the down-grading of butter, which in turn results in lower sales·
prices.

Both of these results lead to eventual economic losses to

the butter industry ~nd consequently- to milk producers.
The rancid flavor is characterized as unclean or bitter.

It is

primarily the .result of _action by the lipase enzyme system of milk,
which causes the hydrolytic breakdown of milkfat.

This hydrolytic

breakdown results in the release of free fatty acids, and it has been
demonstrated that the lower molecular weight fatty acids which are
freed are the major contributors to the rancid flavor (12, 54, 115).
This lipase enzyme complex, which is normally inactive in fresh _milk,
can be activated by agitation and temperature changes.

It had

previously been thought that pasteurization temperatures were adequate
to totally inactivate the milk lipase system.

Recent evidence,

however, has indicated that the milk lipase system may be reactivated
by certain temperature conditions, thereby enabling a milk product to
undergo lipase deterioration during storage (23, 103).
Organoleptic analysis has traditionally been used to determine
rancidity.

This method is subjective and identifies rancidity after

it occurs so it gives no information on a product approaching rancidity. ,
Titration and colorimetric methods have been used to measure total
free fatty acids rather than only those of lower molecular weights,
and appear to give unreliable results as far as measuring the
deterioration by rancidity of butter during storage (9).

A better

test for rancidity would measure the quantity of the lower molecular

3

weight acids only, but th~s type of analysis has not been reported.
One objective of this study was to prepare butter samples of
different qualities by subjecting cream to temperature riuctuations
which resulted in , induced rancidity in the cream as well as the butter
churned from it in order to simulate commercial conditions.

I

Another

objective was to study the effect of storage temperature and storage
time on the free fatty acid levels of these butter· samples and to
relate this informatiqn to the flavor degradation of the butter samples
during storage. ·

4

LITERATURE REVIEW
Properties of Milk Lipases
An esterase is an enzyme which catalyzes the hydrolysis of esters.
Lipases are esterases, although all esterases are not lipases.

A

lipase . is a specialized esterase which catalyzes the hydrolysis of
fats to glycerol and fatty acids, whereas esterases in general deal
with ester bond cleavage of all types, not just that of fatty acids
and glycerol (116).

Jensen (70) defined lipases as enzymes acting on

emulsified glyce~ide molecules separated from water by an interface.
He defined esterases as enzymes capable of hydrolyzing soluble or
unemulsified esters.

Chandan and Shahani (21) defined a true lipase

as an enzyme hydrolyzing only esters of glycerol in two-phase
heterogeneous, emulsified systems.

A true lipase shows almost no

activity toward simple esters (21).
All raw bovine milk contains lipase enzyme (17, 25, 34, 39, 116).
There has, however, been some controversy over the complexity of the
milk enzyme.

It appears that the milk lipase is not a single entity,

but a complex mixture of lipolytic enzymes (33, ·43, 45, 70, 112, 118,

131). Therefore, the often-used term milk lipase should probably be
substituted with the more accurate term "milk lipase complex."
The crude milk lipase complex has been broken down into several
fractions (2, 20, 37, 38, 43, 80, 108, 112, 117, 131).

In 1955,

Albrecht and Jaynes (2) showed evidence for a two lipase system, with
each system containing two lips.sea.

Schwartz et al. (117) reported
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that crude lipase exhibited at least three pH optima ·(6.5 to 7.0, 7.9,
and 8.5 to 9.0) possibly indicating a presence of more than one lipase.
In 1957, Frankel and Tarassuk (43) concluded that milk contains two
basic .lipases.

One was called the naturally active lipase which was

adsorbed on the fat globule membrane.

The other, plasma lipase, was

referred to as the lipase remaining in the plasma associated with the
casein (43, 131).

Korn (80) demonstrated the presence of a lipoprotein

lipase in milk in 1962.

This enzyme did not hydrolyze the triacylglyc-

erols of the milkfat· in milk unless blood serum was present.

Chandan

and Shahani (20) purified a milk lipase from clarifier slime, and
Gaffney and Harper (45) isolated an endo lipase from separator slime
in 1965.

Gaffney et al. (46) later presented evidence of a low

molecular weight lipase with lipolytic activity in the low molecular
weight glycoproteins of skim milk.

In 1969, Downey and Andrews (33)

reported five lipases in bovine milk with molecular weights ranging
from 35,000 to 150,000.

Richter and Randolph (112) isolated a low-

molecular weight lipase, and Egelrud and Olivecrona (37) purified a
lipase from skim milk.

In 1975, Sustek et al. (129) observed lipolytic

activity in membrane material from colloidal phosphate-free skim milk.
They also found lipolytic activity in the protein fraction representing a broad range of molecular weights.
There is some question as to the complexity of the milk lipase
system.

Richter and Randolph (112) hypothesized only one lipase

enzyme.

Their theory suggested that the enzyme occurred in conjunction

with different proteins or that the enzyme was polymerized, therefore
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resulting in the reported weight differences, different pH optima, and
other characteristics.

Several authors now classify the milk lipase

complex as containing three lipases (17, ~l, 34, 67).

This classifi-

cation includes the plasma and membrane lipases of Frankel and
Tarassuk (43) and the lipoprotein lipase of Korn (80).

Jensen (70)

agreed to this classification; however, he postulated that the membrane
lipase is a manifestation of the lipoprotein lipase.
Many researchers.have 'used lipases similar to milk lipase in

..

studying the lipases in general.

Much work has been done with bovine

pancreatic lipase (19, 29, 52, 76, 119).

Work has also been done with

the lipase of southern corn rootworm (82), microbial lipases (86), and
intestinal lipase (29).

Many of these lipases exhibit propert~es and

characteristics similar to those of milk lipase, and their study has
added to the present knowledge of lipases.
Milk Lipase Activity
As mentioned earlier, milk lipase is an esterase, but it is also
a true lipase since it hydrolyzes esters of glycerol in a heterogeneous
medium or emulsion (29, 118).

This hydrolytic cleavage is mostly

involved with triacylglycerols, leaving diacylglycerols and free fatty
acids as end products.

The diacylglycerols can be further hydrolyzed

to monoacylglycerols and free fatty acids and the monoacylglycerols
can be further broken down to glycerol and free fatty acids.

These

last two steps take place to a lesser degree with very little, if any,
glycerol resulting (70).

7
Milk lipase is present in milk due to leakage from the bloo<fstrelinl to the mammary gland (72).

Its natural function takes place

in the bloodstream, where it hydrolyzes blood triacylglycerols to
fatty.acids, diacylglycerols, monacy:J_glycerols and glycerol.

These

components are then converted to milk triacylglycerols (34, 67, 72).
Since the milk lipase is an enzyme, its activity is subject to
variables common to all enzymes, such as pH, temperature, presenc.e of
inhibitors and activators, concentration of enzyme and substrate,
light, and the duration of the incubation time (116).

The milk lipase

is present with the protein in the aqueous phase, and it must be noted
that lipolysis is dissimilar to many other enzymatic reactions in that
it takes place at an oil/water interface (21, 57, 118).

This gives

rise to activity influenced by variables not normally c_o nsidered in
many enzymatic reactions. · Some of these factors are the amount of
surface area available, the permeability of the emulsion, the type of
acylglycerol substrate, the phys~cal state of the substrate, and the
degree of agitation of the :reac_tion medium ( 17, 21, 29).
Milk Lipase Specificity
An important characteristic of all enzymatic reactions is the
presence or absence of substrate specificity.

The topic of substrate

specificity of milk lipase has been studied quite extensively (2, 13,
20 ·, 38, 52, 56, 57, 71, 98, 99, 104, 112, 113).
the activity of the milk lipase complex.

Reports vary as to

Substrates varied from

triacylglycerols with one type of fatty acid to the natural milk

•
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products.

Chandan and Shahani (20) reported that hydrolysis proceeds

more rapidly in a synthetic emulsion than in a natural product.
important variable, however, lies with th~ enzyme itself.

A more

Until

recently, most of the milk lipase studies were done with non-purified
milk lipases.

Egelrud and 0livecrona (38) suggested that the presence

of other lipases or proteins with activator properties could have
seriously affected many results obtained.

They further suggested that

all of the lipase in mj.lk may be of the lipoprotein type and that the

..

various researchers were only working with varying conditions of the
enzyme.

They did not, however, fully reject the belief that milk

lipase is actually a complex of several lipases (38).
There have been reports on the types of oils and fats that can
act as substrates for milk lipases (2, 21, 38, 112, 118).

The milk

lipase complex has a wide range of activity, working on oils such as
cottonseed, castor, coconut, corn, linseed, and safflower, as well as
several fats such as lard and margarine (21, 118).

Many other research-

ers have used synthetic materials for their work, usually triacylglycerols with known fatty acids present at known positions of the glycerol
(2, 13, 20, 37, 38, 71, 112).

Egelrud and 0livecrona (38) classified

three types of substrates; insoluble, emulsified, and water soluble.
They claimed that milk lipase is .active against all three types (38).
Their overall conclusion was that the milk lipase complex does work
in a wide variety of fats and oils.
This discussion of milk lipase specificity has thus far dealt
with what is known as acylglycerol specificity, or the specificity to

9
act on one acylglycerol over another (116).

Milk lipase shows

preference for triacylglycerola over diacylglycerols and diacylglycerols over monoacylglycerols (70, 104, 118).

The milk lipase activity

also ~aries inversely with the chain _length of the fatty acids present
in the triacylglycerols (2, 20, 29, 56, 57, 70, 112, 118).

In other

words, . a fat or oil containing a large amount of short chain fatty
acids will undergo greater hydrolysis in the presence of milk lipase
than will a fat or oil with greater amounts of long chain fatty acids.
Richter and Randolph- (112) agreed with this observation, but they also
pointed out a greater difficulty of showing this specificity in
natural oil emulsions rather than synthetic ones.
Intramolecular specificity involves preferential treatment on a
fatty acid because of its position on the triacylglycerol or its size
related to the other fatty acids on the triacylglycerol molecule.
Several authors agreed that the milk lipase preferentially attacks the
primary, (1 and 3) positions of the triacylglycerol (29, 47, 70, 71,

98, 104, 118).

It has also been shown, however, that there is no

specificity for a short chain acid over a long chain acid, or vice
versa, if both acids are at primary positions (29, 118).

There also

appears to be very little, if any, activity at the secondary position
of the triacylglycerol (47,104).

Korn (80) reported in 1962 that

there was activity at the sec.o ndary position, but further work by
Nilsson-Ehle et al. (104) indicated that a monoacylglycerol with the
fatty acid at the secondary position is probably first isomerized so
that the fatty acid is passed to a primary position.

There· appears to
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be little activity on monoacyglycerols since Jensen (70) reported- that
little free glycerol is obtained ·during lipolysis.

Robertson, et al.

(113) also suggested that milk lipase exhibits a slight preference
for f~tty acids with odd numbers of carbons.
An apparent preferential activity of milk lipase on butyric acid
as well as the other short chain fatty acids has been reported (19,

52, 56, 57, 70, 71, 113)~ Even though there appears to be enough
evidence indicating a preferential release of short chain acids during
lipolysis, there is some disagreement as to why this talces place.

In

1964, Blank and Privett (13) reported that fatty acids are randomly
distributed on the triacylglycerols.

Contrary to this report, several

other authors believe that butyric acid, as well as the other short
chain acids, appears to be present at the primary position more often
than the secondary position (13, 70, 71).

Blank and Privett (13)

found that butyric and caproic acids are found exclusively as componen~s
of triacylglycerols with medium or long chain acids at the other two
positions.

Since the primary position has preference in the attack by

the lipase enzyme, the short chain acids are released to a greater
extent (70, 71).

This apparent specificity is enhanced because the

lipase enzyme first attacks those triacylglycerols containing the short
chain fatty acids (2, 20, 29, 56, 57, 70, 112, 118).

There has also

been some discussion as to the possibility of the milk lipase complex
exhibiting stereospecific properties, or being able to distinguish
between the 1 and 3 positions of the triacylglycerol.

In 1974, Morley

et al. (99) worked with enantiomeric triacylglycerols as substrates
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and provided evidence for stereospecificity by the milk lipase complex.
This could also add to selective liberation of short chain fatty
acids.

It has not yet been fully determined how all these factors

fit . into this app~ent selectivity'.
Milk Lipase Optima
Not urilike other enzymes, the milk lipase complex exhibits
several optima.

The pH optimum will vary depending upon temperature,

.

substrate, buffers, ionic strength, and the condition of the interface
where lipolysis takes place (2, 21, 112, 116, 118).

It has been

reported that the pH optimum for the milk lipase complex lies between

8.0 and 9.0 (38, 44, 70, 72, 116).
have been found.

In 1955, Albrecht and Jaynes (2) reported two pH

optima, 5.4 and 6.3.

6.6 to 7.6.

Some variations from this . range

Frank.el and Tarassuk (44) reported a pH range of

Chandan and Shahani (20, 21) reported that there are three

pH optima for the milk lipase complex (6.5 to 7.0, 7.9, and 8.5).
Schwartz et al. (117) also demonstrated these three optima.

In 1971,

Richter and Randolph (112) reported that lipase obtained from separator
slime showed a pH optimum of 9.2.

The reporting of these pH optima has

given rise to the belief that there are two or more lipase enzymes in
milk.

Shahani (118) stated that there is a major lipase in milk with

a pH optimum of 8.5 to 9.0, and two minor lipases with optima at 6.5
to 7.0 and 7.9.

One still may question whether these varying optima

are proof of more than one lipase or just a result of different study
conditions such as enzyme purity and substrate used.

In -any case, it
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is generally agreed that the major pH optimum of mi'lk lipase is 8.0 to

9.0 (38, 44, 70, 72, 116).
Temperature also has an effect on the milk lipase complex.

Rises

in temperature hav~ two effects upon an enzyme-catalyzed reaction.
First, the reaction rate increases.

Secondly, an increase in tempera-

ture increas_e s the rate of thermal inactivation of the enzyme (116).
As with the pH optimum, temperature optimum is related to other
environmental factors .such as pH and buffer strength.

The term optimum

is therefore useless unless other conditions are listed.
more useful term would be "apparent temperature optimum."

Perhaps a
This

indicates that the optimum has been obtained under certain conditions
and may not hold under a change in these conditions (116).

Mo~t

researchers agree that the optimum temperature for the milk lipase
complex is 37 C (20, 21, 57, 70, 112, 116, 118).
this have been reported, however.

Some variations from

In 1955, Albrecht and Jaynes (2) ,

reported a temperature range of 37-4o C for optimum activity.

In

1958, Stadhouders and Mulder (127) recommended the use of 15 C for the
incubation time in their lipase assay work.

In 1974, Chang and Powers

(22) studied the effect of constant and fluctuating temperatures on
the milk lipase system.

They demonstrated that the lipase enzyme has

an optimum constant temperature of 35 C in both tributyrin and olive
oil.

This optimum was 4-5 Clower when the temperature was fluctuated.

At temperatures below 35 C, the temperature fluctuation resulted in
more activity.

Above 44 C, the constant temperatures resulted in more

activity (22).

One must again remember that comparisons between
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authors is difficult because of the use of differe~t lipase sources
varying in impurities, different substrates, different assay methods,
and different units of expression (118) • .
·· A factor rela~ed closely to temperature in affecting lipase
activity is time.

As mentioned earlier, a rise in temperature results

in increased activity _to a certain point, and then the enzyme is
inactivated.

One hour has been used as the incubation time in many

studies (20, 21, 26, ~4, 113).
temperature being used.

Richter and Randolph (112) reported that the

lipase enzyme retained only
hour at 37 C.

This time was directly related to the

54%

of its original activity after one

Chandan and Shahani (20) reported a 77'/o loss of enzyme

activity after one hour at 37 C.

They also reported that the lipase

continued to hydrolyze milk fat for four hours at 37 C, but that zeroorder kinetics prevailed for only three hours·.

They also reported a

generally accepted time for incubation studies at 37 C to be one hour
(21).
Stability of Milk Lipase
Other factors besides temperature and time are related to the
stability of the milk lipase.

One of these is the effect of various

milk constituents on the enzyme activity.

Chandan and Shahani (20, 21,

118, 120) stated that the observed lipase activity in raw milk is the
net result of the inhibitory and stimulatory effects of the milk
constituents (118).

They reported that the time activity curve of the

lipase enzyme is quite different in synthetic emulsions than in natural
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systems such as milk or cream.

They reported a lag phase in the

natural systems whereas there is none with the synthetic emulsions.
This, they proposed, was due to the inhibitory effect of the milk
constituents in the milk and cream (20).

Chandan and Shahani (20)

also reported a protective effect on the thermal lability of the
enzyme- due to milk fat and milk solids.

Composite milk solids also

inhibited purified milk lipase activity (118, 120).
caseins were shown to be inhibitory toward lipase.

In general, all
There was one

exception, that being K-casein, which showed a stimulatory effect
(120).

They also showed that the composite lactalbumin fraction

stimulated the enzyme.

However, all the other albumins and the

individual lactalbumin fractions, serum albumin, two samples of
o<..-lactalbumin, ~-lactoglobulin, and bovine plasma albumin inhibited
the enzyme (68, 120).

Shahani and Chandan (120) also showed that

lactose exhibited no effect on the enzyme.

They studied the salts

normally present in milk, including calcium and magnesium salts.

Each

salt was studied alone and with composites of the other salts using
an emulsion of milk fat as the substrate.

All of the salts showed

an inhibitory effect, with calcium hydroxide the most inhibitory
and magnesium sulfate the least inhibitory (120).
The effect of various chemicals on the milk lipase complex has
been studied (2, 20, 39, 44, 57, 113, 120).

In 1955, Albrecht and

Jaynes (2) looked at the effect of several added salts upon the milk
lipase.

They showed that CaC1 2 , NaCl, KCl, and most lactate salts

15
were inhibitory to the enzyme.
showed no effect.

Magnesium chloride and calcium lactate

They also demonstrated that the milk lipase in

skim milk was inactivated by the addition .of formaldehyde (2).

In

1959, ·Frankel and rarassuk (44) showed that the milk lipase was very
sensitive to oxidizing agents.

They
also showed that the addition
of
.
.

glutathione, . hydroquinone, and potassiunt thiocyanate .greatly stabilized
the enzyme (44).

Chandan and Shahani (20) demonstrated that sodium

para-chloromercuribenzpate, iodoacetic acid, and N-ethyl maleimide
inhibited the activity of the milk lipase.

They later discussed the

inhibition of milk lipase by heavy metals such as copper, cobalt, and
nickel (21).

Iron and copper are inhibitory, but also increase the

heat stability of the enzyme.

Also, citrate, acetate, and phth~late

buffers impair the enzymatic activity while borate and barbiturate
buffers do not (21).

Chandan and Shahani (21) have also found .that

0.5 to 50.0 ppm of aureomycin, penicillin, streptomycin, or terramycin
inhibited milk lipase activity by 7.6 to 49.8'/4.

In 1964, Jensen (70)

discussed the protection of the lipase enzyme by globular fat, ferric
iron, glutathione, and nitrogen flushing.

In 1966, Robertson et al.

(113) reported that ferric chloride shifted the lipase hydrolysis from
the short chain fatty acids to the long chain fatty acids.

They found

similar changes, but to a lesser extent, with the addition of cupric
chloride or diisopropyl flurophosphate (113).
showed that the addition of Ca+

2

Hemingway et al. (57)

to fresh milk accelerated hydrolysis.

It has been reported that milk lipase is very sensitive to photoinactivation (21, 44, 70, 118).

Frankel and Tarassuk (44) studied
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this by exposing layers of skim milk to bright sunlight and diffuse
daylight for varying periods.

They found that a 1 cm thick layer of

skim milk lost 96% of its lipase activity after 10 minutes.
fourtd ·that milk fat inhibited this .inactivation.

They also

The inactivation in

whole milk was about 30'/4 less than that of skim milk.

Stadhouders

and Mulder (127) showed that milk lipase was most sensitive to the
blue rays of visible light .

They also showed that the destructive

capabilities of light ~an be counteracted by the addition of reducing
compounds such as hydroqui none and hydrogen sulfide.

In fact, photo-

inactivated milk lipase could be regenerated by passing hydrogen .
sulfide through the milk (127).
Although the pH of normal milk is near neutrality, the optimum
pH for milk lipase is between 8 and 9.

A variance from this will act

to inhibit the activity of the milk lipase complex (113).

Chandan and

Shahani (20) showed an increase in milk lipase activity from pH 5 to'
pH 9.

The activity then dropped off rapidly till there was no

activity at pH 11.0.

Most workers agree to this type of activity

curve (2, 21, 44, 70, 118).

Frankel and Tarassuk (44) also showed

that acid and alkali inactivation of milk lipase was not affected by
the presence of milk fat globules.

The varying of pH and its effect

on the milk lipase enzyme is also closely associated with temperature

(44).
A change in temperature can act as inhibition or stimulation.

It

has generally been thought that the most effective means of stopping,
preventing, or retarding the action of milk lipase is through the use
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of heat treatment.

Although several authors feel that normal pasteur-

ization (63 C - 30 min) is adequate for inactivation of the milk lipase
enzyme (8, 21, 26, 44, 59), others feel that higher than normal
pasteurization tem,p eratures are ne·eded (23, 35, 116, 136).

It has

been shown that there can be some lipase activity in products that
have receiv~d high he~t treatments (23, 88, 118).

Nonetheless, it is

generally assumed that pasteurization temperatures are adequate to
nearly inactivate the.lipase enzyme (8, 19, 21, 45); although in
reality there may be enough activity remaining to decrease the quality
of the product during storage.

It may also be difficult at this point

to distinguish between the action of milk lipase and microbial lipases.
There are many heat-resistant microorganisms that produce lipase
enzymes.

These organisms can survive the pasteurization process and

contribute to lipolysis during storage (5, 25, 35, 86).

Not only can

these organisms survive pasteurization, but many of the enzymes they
produce can survive pasteurization, and even ultra-high temperature
(UHT) treatments (86, 126).

Evidence in this area was discussed in a

recent review by Speck and Adams (126).

They explained that UHT

supposedly eliminates all viable microorganisms in a particular product,
but it has no effect on many proteases, which are more stable than
bacterial spores (126).

Since lipases are similar to proteases in

that both are proteins, perhaps a similar situation exists with lipases
and heat resistance.
The length of storage time also has an effect on the activity of
milk lipase.

Frankel and Tarassuk (42, 44) showed that the milk lipase
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complex was more stable to aging in whole milk than in skim milk.

They

concluded that the whole milk, with respect to fat content, appeared
to be optimum for the stability of the milk lipase since added milk
fat .did not furthe~ enhance stability during storage (44).

They showed

that the stability of milk lipase during storage was increased by
addition of reducing a_g ents, especially glutathione.

They concluded

that the enzyme possibly loses its activity through oxidation,
especially at the sulf)'lydryl groups.

Therefore the addition of

reducing agents retarded this action (44).

Chandan and Shahani (20)

found the milk lipase complex to be very unstable during storage.

They

concluded that higher temperatures resulted in greater inactivation of
the enzyme.

When the milk lipase was frozen at -4 C, only 20-30'/4 loss

in activity resulted after five months.

A loss of 13.6% in activity

was evident after 48 hours of storage at 4

c.

Storage at 37 C resulted

in almost complete loss of activity after 24 hours and a similar los's
was found after only one hour of storage at 45 C.

Richter and Randolph

(112) found similar relationships between time of storage and
temperatures.

Chandan and Shahani (20) further reported that the

extent of inactivation was directly but not proportionately related to
the length of storage ~me.

They added cysteine during storage and

found no effect on stability, nor did this addition reactivate
inactivated enzyme (20).
later in this review.

The topic of reactivation will be discussed
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Factors Affecting Activation of Milk Lipases .
The milk lipase enzyme has been connected with the terms
hydrolytic rancidity and lipolysis.

The enzyme causes lipolysis, or

fat degradation, and this leads to the flavor known as hydrolytic
rancidity.

Rancid flavor means different things to different people.

Outside the dairy industry, rancidity refers to all forms of fat
deterioration.

The food industry usually uses the term rancid to .

refer to a product that has undergone a form of oxidation.

The dairy

industry, on the other hand, restricts the term rancid to flavor
defects resulting from hydrolysis or the reaction of fat with water to
form free fatty acids, diacylglycerols, monoacylglycerols, and possibly
some free glycerol (59, 70).

Rancid flavor is important to the dairy

industry since it is a contributor to the overall flavor of certain
types of cheeses as well as other dairy products (5, 8, 21, 25, 70,
118, 122).

This flavor can also be a detriment in other dairy productsA

It is then considered an off-flavor and is very undesirable (5, 8, 21,

25, 70, 118, 122).
Spontaneous Rancidity
Milk lipase is inactive in the udder (58, 131).

Tarassuk and

Frankel (131) explained this in terms of their classification of two
major lipa.ses.

They explained that 1n order to be active, the

membrane lipase needs to be adsorbed on the fat globule and the plasma
lipase needs to be activated in some way.
takes place in the udder.

Neither of these processes

Lipolysis in freshly drawn milk normally
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takes place very slowly, especially if the milk is kept warm (59).
Usually some form of activation is necessary such as agitation or
thermal manipulation.

Some milk, however,. undergoes lipolysis upon

cooling with no t~e of agitation. · This form of lipolysis is referred
to as spontaneous lipolysis (59, 116) and takes place whether the milk,
following co_o ling, is kept at that cool temperature or at a warmer
temperature (131).

Normally, the activity of milk lipase depends on

the accessibility of tpe milk fat present in the fat globules (34).
Milk fat occurs in the form of discrete globules which average about
four microns in diameter.

They are dispersed as an emulsion in the

milk, and this emulsion is stabilized by a layer of protein, phospholipids, and acylglycerols around the globule which may not exis~ as an
orderly layered structure (16, 68).

As milk leaves the cow, the fat

globules are dispersed and liquid, and the lipases are inactive
because of their lack of contact with the fat globules.

The lipa.ses

are loosely bound to the casein micelles and usually some form of
activation is needed to get the lipase in contact with the fat globules
(70).

When no form of activation is needed other than cooling, the

phenomenon of spontaneous lipolysis occurs (70, 116).
There has been some controversy as to which lipase in milk causes
spontaneous rancidity.

Jensen (70) and Tarassuk and Frankel (131)

feel that the membrane lipase is irreversibly adsorbed on the fat
globule membrane when the milk is cooled and this lipase is responsible
for spontaneous rancidity.

Frankel and Tarassuk (44) referred to this

lipase as the naturally active lipase and they said the difference
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between naturally lipolytic, or spontaneous, milk and normal milk is
the difference in concentration of naturally active lipase.

They

believed a higher amount of membrane lipase is present in spontaneous
milk.

Driessen and Stadhouders (34) reported that spontaneous

rancidity depends on the amount of lipoprotein lipase in milk, plus
the ·amount of stimulatory lipoproteins.

Castberg and Solberg (17)

also believed that the lipoprotein lipase is responsible for spontaneous
lipolysis.

This conf]J.ct of opinions may be eliminated or reduced in

magnitude if one accepts the theory of Jensen (70).

He proposed that

the membrane lipase be a manifestation of the lipoprotein lipase (70).
Several factors have been associated with spontaneous milk.

These

include lack of pasture feeding, estrous, diseased ovaries, lat~
lactation, individuality, and mastitis (8, 67, 70, 116).

The milking

machine may not only induce lipolysis but may also influence the udder
to produce susceptible milk (70).

It has been found that some

individual cows produce spontaneous milk at any stage of lactation (8).
Physiological processes in the cow or in the udder are also involved
in the lipolytic susceptibility of the milk.

Many of these processes

are regulated by hormones, as is the secretion process itself.

There-

fore one can assume hormonal action can have an effect on the
production of spontaneous milk (70).

More generally, however, the

production of spontaneous milk appears to be associated with cows in
late lactation (8, 70, 116). · Spontaneous rancidity can be retarded by
mixing spontaneous milk within one hour of milking with four to five
times its volume of normal milk.

Under usual circumstances, only one
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of five cows in a herd produces spontaneous milk (116)~
Induced Rancidity
The major concern is not with the spontaneous milk, but with the
activation of normal milk.

An activation of some sort will result in

lipo_lysis which is believed to be caused by the plasma lipase (70, 131).
This lipase is associated with the casein until adsorbed onto the fat
globule by an activation treatment (70).
disagreed with this.

Castberg and Solberg (17)

.They believed both spontaneous lipolysis and

activated lipolysis are due to the lipoprotein lipase.

They believed

the only differences between these types of lipolysis to be the state
of the substrate and the presence of activating or inhibitory ·
compounds (17).
There are two major forms of activation.

One of these is

agitation, which includes any type of physical punishment such as
foaming, homogenization and excessive pumping.

The other major type

of activation is caused by thermal manipulation (8, 21, 34, 58, 59,
70, 116, 131).

These forms of activation apparently do not affect the

enzyme per se.

It appears that the result is the release of the lipase

from the casein micelle, the adsorption of the enzyme on the fat
globule membrane, the alteration of the adsorbed fat globule membrane,
or a combination of these factors (21, 70).

It has also been assumed

that agitation results in a recoating of newly formed fat globules
with casein which contains lipase (103).

All forms of a~itation, with

the exception of churning, increase the surface area of the substrate.
Agitation also increases the rate of diffusion.

Diffusion permits the
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lipases to migrate more readily to the interface.

It also allows .the

fatty acids produced by lipolysis to leave the interface (116).
Rancidity has been a well known defect for some time.

However,

recent trends in milk handling have increased the problem of rancidity.
The recent trend toward the use of pipeline milkers and bulk handling
of milk has contributed to the rise in rancidity problems because of
the increased agitation of the milk (8, 58, 68, 116).
cautions have been suggested to decrease the agitati~n.

Several pre.They include

the elimination of excessive pumping, pipeline agitation, air leaks,
risers, ·and agitation in the bulk tank (8, 58, 59, 70).

The use of

universal homogenization soon brought about the realization that the
process muQt be preceded by pasteurization, or lipolysis would proceed
quickly (8).
The use of sweet cream rather than sour cream also brought about
/

the need for pasteurization in butter. production.

Butter churned from

raw sweet cream will very likely become rancid, whereas butter churned
from sour cream will not because most of the lipase has been inactivated by the acid present in the sour cream (59).
In 1939, Krukovsky and Herrington (81) described a means whereby
temperature activation increased lipolysis.

This was done by cooling

milk to 4o F following milking, rewarming to 86 F, cooling rapidly to
a storage temperature ~elow 59 F, and holding at that temperature
while lipolysis developed.

It was absolutely essential that the milk

be recooled after rewarming to
initiated · (81).

86 F, or lipase activity was not

This work demonstrated that milk containing fat
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globules with a natural fat globule membrane can be activated,
deactivated, and reactivated by proper changes in temperature (116).
This type of activation is of great import~ce since it can happen
accide.n tally.

This type of activation has quite possibly increased

with the trend toward bulk handling of milk on the farm, since warm
milk . is added to cool milk and temperature fluctuation can cause the
activation.

This may happen if equipment is not working properly, ·

equipment is not capabfe of doing an adequate job, or the addition of
a large volume of warm milk to a small volume of cold milk takes place.
The trend toward every-other-day milk pick-up has increased the
possibility of temperature activation in milk (8, 58, 59).

An increase

of lipolysis also occurs when frozen raw milk is thawed to 4 C.
Although this activity varies, repeated freezing and thawing causes a
notable increase in lipolytic activity.
also has an effect.

The temperature of freezing

The most pronounced increase in lipolysis upon·

thawing takes place when the freezing temperature is lowered from -10
to -20 C.

Little increase results from changing freezing temperatures

from -20 to -33 C.

Also, lipolysis is faster when the freezing is

done slowly rather than rapidly (116).

The phenomenon of temperature

activation is found only when the milk fat globules have their natural
layer of adsorbed materials.

Neither homogenized milk, emulsions of

t.ributyrin, nor butter oil emulsified in skim milk can be activated by
temperature fluctuation (116).

One might question whether this

temperature fluctuation affects the enzyme or the substrate.

Jensen

(70) and Herrington (58) believed that the substrate is affected by
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temperature fluctuation.

Jensen (70) postulated a shift in the

geometry of the adsorbed materials on the milk fat globule membrane.
His theory states that this is done a9cording to changes in polarity
· and the casein fraction can be adsorbed on the membrane, thereby bring- _
ing the lipase into contact with the milk fat (70).
Another form of activation, chemical activation, is usually
considered to be a stimulatory effect on the enzyme, in accordance with
the effects of chemic~ls on lipase that were discussed previously (116).
Milk Lipase Reactivation
It had been thought in the past that pasteurization temperatures
were adequate to inactivate the milk lipase completely.
has ·shown that this is probably not so.

Some evidence

Nilsson and Willart (103)

noticed that milk subjected to high-heat treatments showed a slight
lipase activity.

It therefore appears that the milk lipase complex is

capable of reactivating itself, especially in products that have been
subjected to high-heat treatments.

There have been some reports of

milk samples in market channels showing lipase activity, which usually
occurs in milk subjected to high-heat treatments (21, 118, 136).

This

suggests that the minimal time-temperature relationship for complete
inactivation of the milk lipase system is apparently unknown (136).
Claypool (23) gave a thorough discussion on the possibility of
reactivation of the milk lipase complex.
reactivation (21).

Phosphatase is capable of

Claypool (23) discussed the similarities of lipase

and phosphatase and concluded that the milk lipase should show similar
reactivation properties.

He demonstrated the apparent reactivation of
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the milk lipase complex in sterile ice milk (23).

Possible reactiva-

tion of lipase in butter was demonstrated by Bell (9).

Cream

pasteurization temperatures of up to 93 C did not prevent an increase
in . free fatty acid levels and ran~id flavor development in butter
during storage (9).
Effects of Milk Lipases on the Milk System
Several results of lipolysis have been noticed and studied.

It

has been reported that lipolysis can reduce the Babcock fat test in
milk by as much ~s 0.15%.

This took place in composite milk samples

preserved with mercuric chloride.

It appeared that the mercuric

chloride enhanced lipolysis and lowered Babcock readings (94).

It

has also been noted that the longer saturated fatty acids released
during lipolysis inhibited the action of rennet.
could be eliminated by the addition of Cac1
inhibits the growth of microorganisms.

2

This inhibition

(132).

Lipolysis also

Costilow and Speck (24)

attributed this inhibition to the toxic effect of the individual fatty
acids.
Another noticeable effect of lipolysis is the lowering of the
surface tension (70, 116).

Fatty acids, fatty acid salts, monoacylglyc-

erols, and diacylglycerols are good surface-active agents and decrease
the surface tension.

This also affects other properties; e.g., causes

· increased foaming (58, 70, 116).

Monoacylglycerols derived from

lipolyzed milk reduce interfacial tension between butter oil-water
interfaces (36).

The change in surface tension has been proposed as a

measurement of lipolysis, but surface tension depends on several other
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factors and is not very reliable (116).
Rancid Flavor
The most serious effect of lipolysis is the liberation of free
fatty acids which results in the rancid flavor (3, 57, 58, 70, 116,

134). The more correct term is .hydrolytic rancidity since rancidity in
fields other than dairy science refers to oxidized flavor (70).
lipase flavor has been defined in several ways.

The

Some of the descrip-

tive words and phrasei that have been used are sharp, unclean,
astringent, stale nutmeats, butyric acid, dirty, goaty (59), lipase
taint (57), barny, bitter, cowy, and soapy (3, 25).

As mentioned

earlier, this rancid flavor can be beneficial in some cheeses such as
bleu ·and Roquefort, but this flavor causes an economic loss ·to the
dairy industry when it occurs in most other milk products·.

This loss

is primarily the result of consumer rejection of the products because
of the rancid flavor (5, 25, 122).
Flavor has been defined as employing aspects of taste, olfaction,
and texture, with the aroma properties exhibiting the greatest
influence (69).

Flavor has also been defined as the overall sensual

response to food taken into the mouth.
mouth-feel (40, 77).

This includes odor, taste, and

The flavor of butter has been studied quite

extensively (77, 87, 92, 102, 123).
identified in butter aroma (124).

Over 120 compounds have been
Compounds existing in conjugated

forms have been isolated and the suggestion has been made that these
may affect butter flavor (14, 15).
synthetic butter flavors (77, 87).

Work has even been done to develop
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Lipids are considered to be the most important source of flavor
compounds (4o).

Free fatty acids, especially the more volatile ones,

have been measured in sweet cream butter (11).

This suggests that

·small concentrations of the low molecular weight volatile fatty acids
are components of the natural flavor of good butter (102).

Much

research has been done to determine which free fatty acids, as well as
the amounts of these acids, are associated with rancid flavor (3, 7,
12, 88, 92, 110, 115, J23, 130).

One can generally say that excessive

free fatty acids are recognized as the cause of lipase flavor, but
more emphasis is placed on the short chain acids because of their
volatility, which can enhance flavor more than non-volatile compounds

(3, 12, 40, 77, 92, 102, 110, 115).

It has also been shown that

bitter flavors, such as rancidity, are more difficult to discern in
oil mediums than in water mediums (90).

Since short chain acids are

to a varying extent water soluble, this may also point to the greater
importance of the short chain acids in rancid flavor(?).
Work has been done on the flavor thresholds of free fatty acids
and it appears that aroma plays a more important role in the short
chain acids(?, 109).

The flavor thresholds of short chain fatty

acids are lower than the quantities found in butter and are important
in the natural flavor of butter(?, 92, 110, 123).

Flavor panel

studies have indicated that the free fatty acids from butyric to lauric
account for the fatty acid contribution to rancid flavor (12, 54, 115).
It formerly was thought that butyric acid was the sole fatty acid
causing rancid flavor, but it has now been shown that no one acid from
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butyric through lauric exerts a predominant influence on flavor (12,
115).

Because of this flavor effect from lipolysis, organoleptic

analysis has been the traditional tes~ for lipase flavor.

This form

-of analysis, which primarily is a measure of free, short chain acids,
is most significant in terms of consumer acceptance.
Butter is graded primarily by taste and smell.

The grade given

to butter relies on flavor characteristics first, and then the
characteristics of body, color, and salt (137).

The U.S. grades of

butter from highest to poorest qualities are Grade AA (93 score),
Grade A (92 score), Grade B (90 score), and Grade C (89 score) (137).
Butter failing to meet the qualifications for U.S. Grade C will not be
given a U.S. Grade.

A U.S. Grade AA must possess a fine and highly

pleasing butter flavor , but may possess a slight feed and definite
cooked flavor.

A U.S. Grade A butter must have a desirable butter

flavor but may possess aged, bitter, coarse-acid, flat, smothered, and
storage flavors to a slight degree.

A definite degree of feed and

cooked flavor is acceptable (137).
Organoleptic analysis is the oldest and most acceptable method
of determining rancidity.
however.
analysis.

This method is not without its faults,

First, a numerical value cannot be obtained with organoleptic
As mentioned earlier, there are several ways to describe

the rancid flavor and different people detect varying degrees of this
lipase flavor.

Another problem is the low degree of sensitivity.

In

other words, organoleptic analysis cannot detect significant changes
before they become commercially significant (58).

Organoleptic
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analysis is also very subjective and depends on human judgment.
Free Fatty Acids
Since lipolysis yields free fatty acids, several workers have used
forms of titrations to detect lipase development (26, 27, 41, 64, 89,

112, 133).

In 1955, Thomas et al. (133) published their acid degree

value test for determining rancidity in dairy products.

Since the

development of this test, it has been the accepted chemical procedure

.

for measuring lipase flavor in the dairy industry.

This test uses a

de-emulsifying reagent, heat, and centrifugal force to separate the
fat from a sample.

A portion of the fat is then dissolved in a solvent

and titrated with a weak base (133).

In 1968, Hunter et al. (64)

encountered difficulty in extracting the milk of certain cows,
especially colostrom milk and milk of high butterfat content.

They

modified the acid degree value by increasing the quantity of reagent

(64).

Other methods have used solvents such as isopropanol, ethanol,

diethylether, and/or petroleum ether to extract the fat (27, 41).
Humbert and Lindsay (63) claimed the use of solvents is a better means
of extracting the fat than the use of de-emulsifying reagents.

Lorch

and Gey (89) used a Technicon Auto Analyzer for titrating free fatty
acids.

This method eliminated possible errors due to manual titrating.

The pH stat technique has been used to measure lipolysis (34, 57, 107,

136). This apparatus operates by maintaining a designated pH with
automatic titration.

As free fatty acids are liberated during lipolysis,

standard base is automatically metered in and a continuous record of
lipase activity is obtained (107).

Hemingway et al. (57) reported
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that the use of the pH stat in their studies was unsuccessful because
the rate of release of free fatty acids was below the sensitivity of
the instrument.
Colorimetry to determine free fatty acid production involves the
use of compounds that form colored complexes with the free fatty acids.
Cobalt,c{-nitroso-~-naphthol,~naphthyl esters, and other compounds
have been used (49, 65, 85, 105).

Rhodamine G and Rhodarnine B. have

been used quite extens,i.vely for colorimetric analysis (4, 18, 74, 93,
101).
Since fatty acids are liberated during lipolyais and the different
fatty acids exhibit varying effects on rancid flavor, gas-liquid
chromatography has been used to measure each individual acid (10, 28,

47, 48, 61, 66, 73, 83, 96, 121).

Other minor methods for determining

lipolysis have been employed, such as the use of radioactive substrates,
manometric techniques, and agar diffusion methods (116).
Several methods of detecting lipase flavor have been cited in the
previous discussion.

The use of fat test reduction, changes in

coagulating properties of rennet, and inhibition of bacteria for
measurement of lipolysis are not very practical.

There are many other

factors that affect these properties and this makes their use for
detecting lipolysis unfeasible (116).
A change in surface tension can be due to liberated fatty acids.
Capric and caprylic, the longer water soluble acids, affect surface
tension but butyric acid has little effect on the surface tension (24,

58).

Monoacylglycerols and diacyglycerols also depress surface tension.
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Even though the use of surface tension as a measure of lipolysis
seemed possible at one time, its use now appears impractical because
several other factors affect surface t~nsion (116).
Organoleptic analysis was -discussed earlier, but it too has its
disadvantages.

The major ones are that no precise numerical data can

be obtained and the analysis is not sensitive enough to detect changes
before they become commercially significant (58).
Several methods ~or the measurement of free fatty acids have been
discussed.

~any of these are very practical and sensitive in measuring

the total free fatty acid fraction of a sample.

Since there is some

debate as to which free fatty acids are liberated more freely during
lipolysis, as well as which fatty acids exhibit the greatest effect on
rancid flavor, the measurement of total free fatty acids to determine
lipolysis is not the ideal solution (58).

The total free fatty acid

value obtained in any of these tests tells nothing about the individual fatty acids.
A method of measuring the individual free fatty acid~ to determine
changes during lipolysis would be beneficial.

Gas-liquid chromatogr~phy

appears to be the analytical tool to provide this information.

The

first requirement for this type of analysis is the separation of the
free fatty ~cids from the remainder of the sample.

Early work in this

area involved the extraction of the free fatty acids with various
solvents (78, 113, 134).

Later work employed the use of an anion

exchange resin in a batch process to separate the free fatty acids
(10, 11, 62).

In 1974, Keen and Walker (75) used an anion exchange
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column to separate acetic, propionic, and butyric acids in cheese.
Sephadex LH-20 has been developed for molecular sieving with fat
solvents (30).

This has also been us~d to separate free fatty acids

·from the other lipid components by means of size difference ·(l).
The use of silicic acid has also been employed for the separation
·o f free fatty acids from other lipid material (53, 55, 56, 60, 91).
Harper and Armstrong (55) used silicic acid in 1954 to separate free
fatty acids from lipi~ material, as did Hirsch and Ahrens (60) in

1958.

In 1962, McCarthy and Duthie (91) treated silicic acid with

isopropanol-KOO and developed a very satisfactory method for isolating
free fatty acids from other lipid material.
Free fatty acids have been analyzed by GLC (51, 79, 83), but
usually esters are made from the acids because they are more volatile
than the free acids and therefore more suitable for GLC examination

(31, 50).

Most work has been done with the use of methyl esters (28,

31, 47, 61, 96, 106, 121, 125, 134, 135). A procedure for methyl
ester production using boron-trifluoride as a catalyst was developed
by Metcalfe and Schmitz (95, 96) and expanded by Van Wijngaarden (135).
This procedure has been well-accepted ·in the dairy industry and is
extensively used for GLC analysis (31, 100, 111, 135).

Methyl esters

have been prepared using concentrated sulfuric acid rather than boron
trifluoride (47).

The use of a sodium derivative such as sodium

methoxide has been used (28, 121).
The use of methyl esters in measuring the fatty acid spectrum in
butterfat presents two major problems.

First, the short chain acids

are extremely volatile as well ·as water soluble.

Therefore, it is

difficult to keep from lo~ing these acids during the sample preparation.
The second difficulty lies directly with the use of methyl esters.
With methyl esters, the short chain acids are crowded at the beginning
of the chromatogram which makes accurate quantitative evaluation of
the peak areas difficult (28).

Methods to eliminate the loss of

short chain fatty acids have been proposed (106, 121).

Lanigan and

Jackson (83) dried s~ts of fatty acids and used these for direct
injection.

Dill (32) used such techniques as salting out to remove

more of the short chain esters.

Even with these efforts, the use of

some type of correction factors is often needed to acquire acceptable
results using methyl esters (28, 32, 125).
Because of the difficulties involved with methyl esters, - the use
of longer esters and temperature programming for analysis of milkfat
fatty acids have been used (47, 48, 66, 73, 84, 114).

Ethanol,

butanol, and propanol have been used as replacements for methanol;
but it appears the butanol works best for milkfat analysis.
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MATERIALS AND METHODS
Fresh, raw milk was obtained from the South Dakota State University dairy farm.

Cream containing 350/4 fat was separateda from this

Approximately 1/3 of this cream was ·p asteurized at 85 C for 18

milk.

sec i~ a high temperature short time (HTST) pasteurizerb.
was designated as A quality cream.
transferred

to

a 50 gal vat.

This cream

The remainder of the cream was

To activate the lipase system, this

cream was warmed to 30 C and then cooled immediately to 4.4 C (23).
The procedure fo~. acid degree value (ADV) developed by Thomas et al.

(113) was used to monitor the increase of lipolysis in the cream at
30 min intervals.

Two hours after lipase activation, when the ADV

of the cream had reached about 1.20, half of the cream was removed
and pasteurized under the same conditions as the A quality cream •
. This lot of cream was designated as B quality cream.

Five hours after

activation, the remaining 1/3 of the cream at an ADV of about 1~60
was removed, pasteurized in the same manner as the other lots of cream,

and designated C quality cream.

All three lots of cream were stored in

10 gal cans at 4.4 C for 24 hours prior to churning.

(Figure l)

Following the 24 hr storage period, the three individual lots of .
cream were churned into butter using a 302 liter drum churnc according
8ne Laval No. 34-0 Tri Process Air Tight, The De Laval Separator
Co., Poughkeepsie, New York.
bCherry-Burrell Superplate Pasteurizer, Cherry-Burrell Co., Cedar
Rapids, Iowa.
0

vane Churn, Delkor Industries, Inc., formerly General Dairy
Equipment Company, Minneapolis, Minnesota.

. I
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Figure 1 • . Flow diagram of the treatments used to study
the free fatty acid levels and ·_flavor degradation of butter
made from fresh cream and rancidity-induced cream.
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to the procedure of Wilster (137).

Babcock tests were run on the

cream lots and the total amounts of fat computed.

These data were

used to determine the amounts of butter color and salt to add during
the churning process.

Hansen's Hi-Concentrate Annatto Butter Color

was added at the ra~e of 15 ml per 45.5 kg of fat present, and salt
. was added at the rate of Z'/4 by weight.

Fat and moisture contents in

the butter were determined by Kohman analysis.
weighed about 60 kg.

Each lot of cream

This whole process was repeated three times at

weekly intervals.
Butter sarnpies were hand packed in 454 g capacity round, white,
plastic containers with cl ear plastic lids.

Each container was coded

to identify the replication, quality of cream, and temperature at which
the sample was to be stored.

The butter samples from each churn_ing

were divided and stored at -28.9 C and 4.4 C.

Samples were analyzed

initially, followed by monthly analysis through seven months of _
storage, with a separate container selected for each sampling.

Flavor

scores for the butter samples were obtained by organoleptic analysis.
Total amounts of free fatty acids were determined by free fatty acid
(FFA) test, and the amounts of individual FFA were determined by gasliquid chromatographic (GLC) analysis.
Organoleptic analysis was done by three experienced judges, one
of which was a USDA butter _grader.
prevent biased judging.

The butter samples were coded to

The butter was judged with the same criteria

and standards used for commercial butter samples.

The butter samples

stored at -28.9 C were placed in a 4.4 C refrigerator for 24 hours
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prior to tasting.
sample.

The judges gave a letter grade to each butter

These letter grades were related to the USDA butter grades as

shown in the following table.

The judges' letter grades were then

converted to a numerical score to facilitate computer analysis.

USDA Score

93

92

90

89

USDA Grade

AA

A

B

C

Judges Grade

A A-

B+

B B-

C+

C

Numerical Score

l

3

4

6

7

2

5

The free fat~y acid t est of the Association of Official Analytical

Chemists (6) was used to quantitate the total amount of FFA.

The

butter samples were melted in an oven at 30 C until the water and curd
had separated from the fat phase.
Whatman No. 4 filter pa.per.
_600 ml beaker.

The fat phase was filtered through

Liquid fat, 28.2 g, was weighed into a

Ethanol had been neutralized with

of this was added to the liquid fat.

o.t

N NaOH, and 100 ml

This mixture was heated to 49 C

and titrated to the phenolphthalein end point with 0.1 N NaOH.

The

results were calculated as meq free fatty acids per kilogram fat as
follows:
ml NaOH x N of NaOH = meq of NaOH
meq NaOH reacting= meq free fatty acids reacting (FFA)
meq FFA reacting
28.2 g

X

1000 g
kg

meq FFA
= kg fat

Relative amounts of each free fatty acid in the butter samples
were determined monthly by GLC.

About 15 g of a sample were placed in

an oven at 30 C.

Following melting and phase separation, the fat layer

was decanted off and filtered through Whatman No. 4 filter paper.
Then 1.5 ml of the filtered fat and 3-5 ml diethyl ether were added
to a 50 ml beaker.

Silicic acid columns were prepared and used

according to the procedure of McCarthy and Duthie (91) to separate the
free fatty acids from the other fat ~onstituents.

The formic acid

fraction which contained the free fatty acids was carefully reduced
to 2 ml by use of a 100 ml pear shaped flask and rotary evaporator
with water aspirator vacuum at 22 C.

Boron trifluoride in butanold

was added at the rate of 3 ml per flask.

The contents of the flask

were refluxed for 10 min to prepare butyl esters.

Following cooling,

the excess butanol was removed by the washing procedure of Jones and
Davison (73).
The petroleum ether extract obtained from the washing procedure
was concentrated under a stream of nitrogen gas and the butyl esters
were analyzed by GLC.

A Varian Aerograph Series 1440 gas chromatograph

with a hydrogen flame detector was used with a 3.05 m x 3.17 mm stainless steel column, containing 100-120 Gas Chrom P coated with 10¼
EGSS-X, organosilicon polymere.

Each run was temperature programmed

from 70 C to 200 Cat 6°/min.
Two standard mixtures were prepared to identify peaks as well as
monitor the operation of the GLC.

One standard was prepared using a

dSupelco, Inc. Bellefonte, Pa.
eApplied Science Laboratories, State College, Pa.
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fresh butter sample.

A portion of the fat phase from this sample was

transesterified using boron trifluoride in butanol and excess butanol
removed by washing (63).

A second standard was prepared similarly from

a mixture of pure fatty acids;f caprylic, capric, lauric, myristic,
palmitic, stearic, ~nd arachidic acids.
The triangulation method was used to quantify the individual
fatty acids resulting in weight percent of the fatty acids.

These

were converted to mole percents to eliminate the effect of chain
length.

The molecular weights of the butyl esters were used to

calculate mole percents as follows:

A= Area of peak A
M = Molecular weight of peak A
Relative peak area/mole= A= R
M

Relative area per mole for all the fatty acids=

i..R

Therefore; Mole%= R x 100

f.R

The results of the free fatty acid analysis and the GLC analysis
were combined to determine the amount of each individual free fatty
acid in each sample.
Mole % of peak A
100

This was done as follows:
x

meq FFA

kg fat

f Supelco, Inc. Bellefonte, Pa.

=

meq FFA A

kg fat

42

Statistical analysis (Appendix Tables 1, 2, and 3) was by least
squares analysis of variance for a four factor (cream quality, storage
temperature, storage time, and replication) design experiment (128).

RESULTS AND DISCUSSION
Induced Rancidity in Cream ·
Althouch some milk undergoes lipolysis spontan~ously, the majority
of milk needs to be activated in some way to initiate lipolysis (59,

116).

Activation puts the lipase enzyme in contact with the milk fat

globµles (34).

One form of activation is agitation, or any form of

it such as foaming, homogenization or excessive pumping (8, 21, 58,

59).

The other major form of activation involves thermal manipulation

and changes (59,:70, 116).

Thermal activation was first demonstrated

by Krukovsky and Herrington (81) in 1939 and appears to involve a
release of the lipase enzyme from the casein micelle and adsorption of
the enzyme on the milk fat globule (21, 70).

This form of activation

usually occurs if milk is cooled to below 5 C, warmed to 30 C, and
recooled to 5 C.
Thermal activation was used in this study to initiate lipolytic
activity in fresh cream.

Results from preliminary experimentation dem-

onstrated that thermal activation could be used to give fairly rapid
and predictable lipolytic activity as measured by the ADV test (133)
and organoleptic analysis.

Agitation activation is an inherent factor

in the separation and pumping of raw cream.

The use of thermal activa-

tion on cream therefore provided activation of both types, and the
presence of both types more closely resembles the conditions found in
the dairy industry today.

Preliminary data showed that ADV's of 0.8,

1.2 and 1.6 would provide a wide range of cream qualities; cream with no
detectable rancidity, slightly rancid cream, and definite rancid cream.
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The results of inducing rancidity in cream are shown in Table 1.
The acid degree value (ADV) _test of Thomas et al. (133) was used in
conjunction with organoleptic evaluation to monitor cream rancidity.
The ADV test is a reliable method for determining rancidity in milk
and cream and provides numerical values of rancidity.

The ADV values

for the fresh cream used in this study were 0.70 to 0.75.

These are

low ADV values and there was no detectable rancid flavor in the cream.
A portion of this cream was immediately pasteurized and designated as
A quality cream as shown in Figure 1.

Following temperature activation,

lipolyt i c activity continued until the cream was pasteurized.

ADV

values were determined at 30 min intervals to monitor rancidity
development.

Desired ADV values of 1.2 and 1.6 for the cream were

used as criteria for length of time of rancidity development.

After

about 2 hours of lipolytic development, the cream had ADV values of
1.16, 1.30, and 1.42 for the 3 replicates with an average of 1.29.
Portions of this cream were removed, pasteurized, and designated as B
quality cream.

This cream was judged to be slightly rancid.

The

remaining cream, after approximately 5 hours of rancidity development,
had ADV values of 1.46, 1.74, and 1.73 with an average of the 3
replicates being 1.64.

This cream was designated as C quality cream

and was judged as definite rancid.
One objective of this study ~as to produce rancid cream by methods
similar to those that occur during commercial operations.

The trend

in the dairy industry is toward larger and more centralized milk
processing operations.

Increased use of pipeline milkers and bulk
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TABLE 1. Acid degree values of fresh cream and rancidity-induced
cream used for butter production.

1

A (Fresh)

0.70

B (Rancidity-induced, 2 hr)

(Rancidity-induced, 5 hr)

C

/

I

Re.p lication

Cream
quality

.2

3

Avg

0.75

0.75

0.73

1.16

1.30

1.42

1.29

1.46

1.74

1.73

1.64
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handling of milk has changed the dairy industry (8, 58, 68, 116).

Milk

and cream undergo more agitation, temperature fluctuations, and longer
storage periods than they were subjected to previously.
factors increase lipolytic activity.

All of these

Both -thermal and agitation

activations were us~d in this study to simulate commercial conditions
on an experimental basis.
Another .objective _of this study was to treat cream in such a
manner as to obtain cream of three distinct qualities as determined by
ADV values.

Bell (9) worked with cream having ADV values of about

0.75 and 1 . 0, and recommended a wider ADV range for cream when studying
rancidity development of butter during storage.

Three cream qualities

were desired for this study, one with an ADV of 0.6-o.8 which
signifies an absence of rancidity, another with an ADV of 1.2-1.4
indicating a slight rancid flavor, and a third cream quality with an
ADV of 1.4-1.6 that can be associated with a definite rancid flavor.
A cream of slight rancid flavor was desired because this type of cream
is often encountered in the dairy industry.

Reports from the industry

indicate that cream with a slight or questionable rancid flavor is often
churned into butter.

This butter is probably one of the major contrib-

utors to the rancidity problem in the dairy industry since it is often
kept in storage for several months, and this storage period usually results in increased rancid flavor in the butter.

All three desired types

of cream were obtained in this study, therefore allowing comparison of
butter made from cream showing no rancid flavor, slightly rancid
cream, and rancid cream.
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Organoleptic Analysis of Butter
The United States Department of Agriculture (USDA) has established
official grades ·for scoring butter flavor (137).

The criteria for

this grading system were used in this study for monthly organoleptic
analysis of butter. · The scoring was expanded to allow for more flavor
degrees.

A Grade A butter was scored 1.0, Grade B butter a 4.o, and

Grade C butter a 7.0. -The numerical scores 2.0, 3.0, 5.0, and 6.0,
were used to distinguish slight differences between the USDA Grades
as well as to facilitate computer analysis.

Flavor scores were given

to each butter sample every month, and results are presented in Table
2. These data and all other data from this study are presented as
averages of the 3 replications.

Statistical significance for effects

of cream quality, storage temperature, and length of storage time were
also determined and these results are presented in Appendix Table 1.
All butter was initially given a 1.0 score (A Grade) except for
the butter churned from C quality cream, which was scored 2.0.

The

USDA defines a AA Grade butter as possessing a fine and highly
pleasing butter flavor, but it may possess a slight feed and a
definite cooked flavor.

Grade A butter is defined as one having a

desirable butter flavor but may have aged, bitter, coarse-acid, or
flat flavors to a slight degree (137).

This study employed the use of

a small, experimental churn and small volumes of cream.

These

conditions contributed to the production of butter with a slight
coarse flavor, hence A Grade butter.
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TABLEb2. Effect of storage on the flavor
cream and rancidity-induced cream~. ·

a

of butter made from fresh

Stora5e tem:eerature

Months
in storage

0
1
2

3
4
5
6
7

-28.9 C

4.4 C

Cream 9.ualit:,:

Cream gualit;y:

A

B

1.00
1.33
1.00·
1.00
1.67
1.33
2.33
1.33

1.00
2.00
1.33
2.67
2.33
3.33
2.67
3.33

C

· 2.00
2.67
3.33
4.oo
3.67
4.33
3.33
3.67

A

B

C

1.00
2.33
2.00
3.33
5.33
2.67
4.33
6.67

1.00
2.67
4.oo
5.00
6.00
6.oo
5.67
7.00

2.00
3.67
4.00
4·_67
6.33
5.00
7.00
7.00

8F1avor 1.0 = A grade, 4.o = B. grade, 7 .o = C grade.
~resh cream A, ADV 0.73.
CRancidity-induced cream B, ADV 1.29; C, ADV 1.64.
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Although all butter scored nearly the same initially,~ variation
in flavor scores could be seen during storage when comparing butter
churned from t he three cream qualities.

Statistical analysis showed

the effect of cream quality on butter flavor as being significant
(P(~05).

The butter churned from A quality cream and stored at -28.9 C

remained A Grade throughout the 7 month storage period whereas the
butter churned from Band C quality cream stored at the same temperature finished the 7 months of storage as B Grade butter.

Butter

churned from A quality cream and stored at 4.4 C consistently graded
bet t er t han the but t er churned from Band C quality cream also stored
at 4.4 C.

Butter from Band C quality cream were both scored as B

Grade after 2 months of storage, and then followed similar patterns
of degradation till the 7th month when both were C Grade.

In g~neral,

there was more flavor difference between butter from A and B quality
cream than there was between butter made from Band C quality cream.
A similar relationship was noted in the ADV values of the cream in
that there was a greater difference between the ADV values of the A
and B quality creams than there was between the ADV values of the B
and C quality creams.

This indicates that the relative degrees of

rancidity shown in the cream were present in the butter.

In general,

cream quality is a very important factor related to the keeping
quality of butter.

Butter made from good quality cream can be stored

under freezer temperatures (-28.9 C) for several months with very
little flavor deterioration.

Butter made from poor quality cream,
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however, can be expected to dete~iorate by one USDA Grade during
prolonged storage of 7 mont~s at -28.9 C.
Storage temperature had a highly significant effect (P(.01) on
butter flavor.

The butter from A quality cream stored at -28.9 C was

consistently scored better than the same butter stored at 4.4

c.

The

butter from A quality cream stored at -28.9 C was still A Grade after

7 months of storage while the same butter stored at 4.4 C was graded
C Grade after 7 months of storage.

Similar results can be seen with

the butter from the other two cream qualities.

For each month of

storage, the butter stored at -28.9 C was given a better flavor score
than the same butter stored at 4.4_C.

The butter from Band C quality

cream stored at -28.9 C finished the 7 months of storage as B Grade,
whereas the same butter stored at 4.4 C finished the storage period
as C Grade.

During the 7 month storage period, butter at 4.4 C showed

flavor deterioration of at least one USDA Grade more than butter
stored at -28.9 C.
Storage time also had a highly significant effect (P(.01) on
butter flavor.

Rancid flavor increased in all butter stored at both

storage temperatures during the 7 month period.

The butter from A

quality cream stored at -28.9 C increased slightly in rancid flavor
while the butter from Band C quality cream stored at 28.9 C increased
in rancid flavor to B Grade butter.

All butter stored at 4.4 C

finished the 7 months of storage as C Grade butter.
storage temperature are closely related.

Storage time and

Good quality butter can be

stored for prolonged periods of several months if it is stored at
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freezer temperatures.

However, even a good quality butter cannot be

held in storage without significant rancidity development if it is
held at refrigerator temperatures.

The flavor data suggest that the

current industry practice of holding butter for up to 120 days at

4.4 C should be reevaluated. Butter stored at 4.4 C increased in
rancid flavor score from 2.0 to 5.33, 4.0 to 6.-0 , and 4.o to 6.33
during the period from 2 to 4 months.

Bell (9) demonstrated similar

flavor changes in butter stored for 2 to 4 months at 4.4

c.

A good

quality butter will probably deteriorate one USDA grade when stored
at refrigerat or temperatures for 4 months, whereas a poor quality
butter can deteriorate by two USDA grades under the same conditions.
Total Free Fatty Acids in Butter
Rancidity development occurs as the lipase enzyme hydrolyt1cally
cleaves free fatty acids from acylglycerols (29, 70, 118).

Several

methods have been used to measure free fatty acids and correlate these
amounts with rancid flavor.

The A0AC procedure for free fatty acids

in crude and refined oils (6) was used in this study to measure total
free fatty acids in butter.

It is an official test and involves the

titration of free fatty acids with a standard base.

The total free

fatty acid results are presented in Table 3 as replicate averages, and
the statistical significances for effects of cream quality, storage
temperature, and length of storage time as related to total free fatty
acid content are presented in Appendix Table 1.
Cream quality had a highly significant effect (P<.0l) on the
total free fatty acid content of the butter.

Butter from A quality
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TABLE 3. Effect of storage on the total free fatty acid ~ontent of
butter made from fresh creama and rancidity-induced cream •
Storage temperature

-28.9
Months
in storage

0

1
2

3
4

5
6
7

4.4 C

C

Cream quality .
A'

B

C

---- ---------------meq/kg
6 . 36 . 12 . 36
14 . 98
6.38
12.63
14.82
6.80
12.81
15.37
6.42 ; 12 . 45
15.36
6.45
12.59
15.02
: 6.61
12.60
15.19
6.71
12.81
15.51
6.87
12.71
15.30

Cream quality
A

B

C

fat----------------------6 . 36
6.54
6.99
6.75
6.77
6.89
7.19
7.35

8:Fresh cream A, ADV 0o73bRancidity-induced cream B, ADV 1.29; C, ADV 1.64.

12 . 36
12.92
13.13
12.72
12.95
13.19
13.24
13.50

14. 98
15.42
15.68
15.46
15.56
15.81
15.97
16.00
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cream consistently contained approximately half the quantity of free
fatty acids contained in th~ butter from B quality cream and approximately 2/5 the amounts present in the butter from C -quality cream.
Greater differences were shown between butter from A and B qualities
of cream than butter from Band C quality cream.

These differences

are similar to those shown between the ADV values of the cream and
the flavor scores of the butter as shown in Tables 1 and 2.
The effect of storage temperature on total free fatty acid
content was highly significant (P~.01).

Butter stored at 4.4 C

contained a greater amount of free fatty acids than did the same
butter stored at -28.9 C.
all times of storage.

This was true for all butter and at

By the end of the storage period, the difference

in free fatty acid content of butter from any cream quality stored
at the two temperatures was 0.5 to 0.8 meq/kg fat.

The butter stored

at 4.4 C showed faster and greater increases in free fatty acid . levels
than corresponding butter stored at -28.9 C.

Butter stored at -28.9 C

increased by about 0.5 meq/kg fat during the 7 month storage period
while butter stored at 4.4 C increased by about 1.0 meq/kg fat.

Bell

(9) stored butter at -28.9 C and 4.4 C and also found highly significant (P(.01) differences in free fatty acid levels of butter stored
at these two temperatures.

He found that butter held at the warmer

temperature had a higher rate of lipolysis as shown by an increase in
free fatty acid content.
Storage time also had a highly significant effect (P(.01) on the
free fatty acid levels.

Butter from all cream qualities and both

storage temperatures showed net increases in amounts of free fatty acids
during storage.

The butter stored at -28.9 C increased in free fatty

acids about 0.5 meq/kg fat while the butter stored at 4.4 C increased
about 1.0 meq/kg fat.

Increases in total free fatty acid content

compared closely to . the increase in rancid flavor of the butter, e.g.
all butter increased in both rancid flavor and total free fatty acids
during storage; and the higher storage temperature and poorer cream ·
quality increased rancid flavor and free fatty acid content.
Lipolytic activity liberates free fatty acids, and these free
fatty acids are responsible for the rancid flavor (3, 57, 58, 70).
Flavor panel studies have indicated that the short chain fatty acids,
or butyric through lauric, are responsible for the rancid flavor (12,

54, 115) • . Any type of free fatty acid test measures the total free
fatty acids, not only the short chain fatty acids.

Bell (9) concluded

that the acid degree value test and free fatty acid tests are not
reliable in measuring rancidity in butter, and that organoleptic
evaluation is presently the best procedure.

A laboratory technique is

needed that can distinguish between short and long chain fatty acids
in order to provide accurate estimates of rancidity.
Butyl Ester Analysis of Standards
There is an apparent preferential release of the short chain free
fatty acids by the lipase enzyme during rancidity development (19, 52,

56, 57, 70, 71).

This is especially important since short chain fatty

acids account for the flavor contribution of free fatty acids to

55

rancid flavor (12, 54, 115).

Since different fatty acids exhibit

varying effects on rancid flavor, gas liquid chromatography has been
used to measure each individual fatty acid (l~7, 48, 66, 73, 83).
Gas liquid chromatography (GLC) was employed in this study to
relate amounts of individual free fatty acids to rancid flavor in
butter.

The first step involved tne use of McCarthy and Duthie's (91)

silicic acid column to separate the free fatty acids from the other
lipid material.

This method has been used quite extensively and

successfully for this purpose, and was chosen for use in this study
because of its general acceptance.

Butyl esters were employed to

facilitate better measurement of the short chain fatty acids.
Table 4 shows a comparison of results obtained when fatty acid
composi t.ion of milkfat was determined by GLC using butyl esters-.

The

SDSU sample was prepared for this _f?tudy and the results can be
compared to those of Sampugna et al. (114) and Claypool (23).

All

three sources of data show similar amounts of fatty acids present.
Any variations can be partially or fully explained by the fact that
milk fat composition varies from sample to sample.

Another standard

was prepared from a known mixture of the pure fatty acids; caprylic,
capric, lauric, myristic, palmitic, stearic, and arachidic.

Fatty

acid levels of the major acids (73°/4) of the ester mixture as determined
by GLC were within 1% of the known amounts present.

This standard

mixture was used to monitor the separation efficiency of the gas
chromatograph •

TABLE 4. Fatty acid composition of bovine milkfat as determined by
gas liquid chromatography of butyl esters.
Source of data
Fatty acid

c4:o

C6:0
C8:0
ClO:O
Cl2:0
Cl4:0
Cl6:0
Cl6:l
Cl8:0
Cl8:l
Cl8:2

SDSU

Sampugna, et al.

---------------·- -----mole
11.3
9.1
5.1
5.0
2.4
2.5
4.o
4.5
3.8
4.3
10.5
12.3
22.8
27.5
2.4
2.0
11.4
9.8
20.2
20.2
2.7
1.2

8nata from reference 114.
~ata from reference 23.

a

Claypool b

%----------------------9.2
2.7
1.2
2.7
3.0
10.7
27.5

12.4
28.1
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Butyl Ester Analysis of Free Fatty
Acids From Butter
A typical chromatogram of butyl esters of free fatty acids from
butter is shown in Figure 2.
tur~ programming.

This figure shows the effect of tempera-

All of the shor~ chain fatty acids exit the column

prior to the column reaching maximum temperature.

The programming of

the .run results in longer retention· times for all acids, but is
especially beneficial because the short chain acids are completely.
separated and more easily measured by triangulation.

The chromatogram

also shows the s~paration efficiency obtained by using the 3.05m EGSS-X
column.

A shorter column is more common for fatty acid analysis, but

this extra length helps provide better separation of the fatty acid
esters.

Column length, temperature programming, and the use of butyl

esters all contribute to the good separation of the fatty acid esters.
Results of GLC analysis of butyl esters are presented in Tables

5 through 10.

All data are presented as averages of the 3 replications.

The top half of each table shows the changes in mole% of each fatty
acid during storage.

The bottom half of each table shows the changes

in absolute amounts of free fatty acids.

These values were obtained

by incorporating the total free fatty acid values from Table 3 with
the mole% of each fatty acid.

Statistical results for mole% data

are given in Appendix Table 2 and statistical data for individual
amounts of free fatty acids are given in Appendix Table 3.
Butyric acid showed the most variation of the fatty acids.
quality, storage temperature, and _storage time all had highly
significant effects (P(.01) on butyric acid mole%.

All butter

Cream

. I
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Figure 2. Gas liquid chromatogram of butyl esters prepared
f~om free fatty acids of butter. _
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TABLE 5.

Effect of storage at -28.9con the free fatty acids in butter made from A quality creama.

Months
in storage

Fattr acid

C4:0

C6:0

C8:0

ClO:O

Cl2:0

Cl4:0

Cl6:0

Cl6:l

Cl8:0

Cl8:l

Cl8:2

-------------------------------------mole%--------------------------- ------------

0
1
2
3
4
5
6
7

10.2
10.4
8.o
9.6
7.3
8.5
6.2
6.5

0

0.64
0.65
0.55
0.62
o.47
0.56
o.42
o.45

1
2

3

4

5
6
7

4.1
3.4
3.7
3.0
2.7
3.3

1.9
1.9
1.9
1.8
1.7
1.7

3.2

1.8

4.o

2.0

4.6
4. 6
4.5
4.0
4.4
4.5
4.4
4.3

6. 2
6.1
6.2
5.6
6.0
5.7
5.8
5.3

14.7
14.3
15.0
13.7
15.5
15.1
15.4
14.8

32.7
33.8
34.9
33.0
36.5
34.9
35.4
34.9

1.8
1.8
2.0
2.3
1.9
1.9
1.9
1.9

7.3.
7.6
7.6
7.8
8.o
8 .o
7.9
8.2

15.2
14.9
15.1
17.7
14.7
15.1
15.5
17.4

1.2
1.3
1.2
1.5
1.3
1..2
1.4
1.7 ·

-----------------------------------meq/kg fat--------------~--------------------0.26
0.22
0.25
0.19
0.17
0.22
0.26
0.22

0.12
0.12
0.13
0.11
0.11
0.11
0.13
0.12

0.30
0.29
0.30
0.26
0.29
0.30
0.30
0.30

0.39
0.39
o.42
0.36
0.39
0.38
0.39
0.37

0.93
0.91
1.01

o.88

1.00
0.99
1.03
1.02

2.09
2.17
2.36
2.12
2.35
2.30
2.38
2.39

0.12
0.12
0.14
0.15
0.12
0.13
0.13
0.13

o.46
o.48
0.52
0.50
0.51
0.52
0.53
0.56

0.97
0.95
1.,03
1.14
0.95
1.00
1.04
1.19

0.07
0.08
0.08
0.10
0.08
0.08
0.09
0.12

8:Fresh cream, ADV 0.73.
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TABLE 6.

Effect of storage at 4.4 Con the free fatty acids in butter made from A quality creama.

Months
in storage

C4:0

C6:0

C8:0

ClO:O

Cl2:0

Cl4:0

Cl6:0

Cl6:1

C18:0

C18:l

Cl8:2

------------------------------------mole%----------------------------------------

10.2
10.5
9.8
11.4
8.2
7.8
6.8
7.5

0
1
2
3
4
5
6
7

4.1
3.7
4.4
2.8
2.9
3.4
3.5
3.8

1.9
2.0
2.0
1.6
1.7
1.8
2.0
1.8

4.6
4.5
4.8
3.9
4.4
4.7
4.4
4.5

6.2
6.1
6.o
5.3
5.8
5.9
5.7
5.3

14.7
14.2
14.7
13.3
15.0
14.9
15.2
14.3

---------------------------------meq/kg

o.64
o.68
0.70
0.77
0.56
0.54
o.49
0.55

0
l

2
3
4
5
6
7

-

Fatty acid

8Fresh cream,

0.26
0.24
0.30
0.19
0.20
0.24
0.25
0.28

0.12
0.13
0.14
0.11
0.12
0.13
0.15
0.13

0.30
0.30
0.33
0.26
0.30
0.32
0.31
0.33

0.39
o.4o
o.41
0.35
0.39
o.41
o.41
0.39

32.7
33.4
32.2
32.7
35.6
35.4
35.2
33.7

1.8
1.9
2.1 ·
2.2
2.0
2.1
2.0
2.1

7-3 7.6
6.9
7.8
7.8
8.1
7.9
8.o

15.2
14.8
15.9
17.4
15.2
14.5
15.7
17.3

1.2
1.3
1.2
1.6
. 1.4
1.2
1.6
1.6

fat--------------------------------------

0.93
0.93
1.02
0.9()
1.01
1.03
1.09
1.05

2.09
2.19
2.24
2.21
2.41
2.43
2.53
2.48

0.12 ·
0.12
0.15
0.15
1.14
0.15
0.14
0.15

o.46
0.50
o.48
0.53
0.53
0.56
0.56
0.59

0.97
0.97
1.13
1.17
1.03
1.00
1.13
1.28

0.07
0.08
0.09
0.11
0.10
0.08
0.12
0.12

ADV 0.73.
'
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TABLE 7. Effect of storage at -28.9con the free fatty acids in butter made from B quality creama.
Fatty acid

Months
in storage

C4:0

0
1
2
3
4
5
6
7

------------------------------------mole%------------------------------- --------14.8
2.1
1.2
2.1
31.1
5.1
6.5
7.0
15.5
10.3 4.3
2.1
16.1
1.4
2.1
10.6 3.9
13.8
6.9
5.1
6.7
31.3
2.1
14.1
2.2
6.7
16.5
4.9
6.3
3L4
10.0 4.3
1.3
2.4
13.0
30.4
7.0
17.8
4.5
5.8
1.5
12.7 2.9
1.9
6.1
14.6
1.4
16.0
2.0
2.2
5.0
32.2
7.2
9.5 3.7
2.1
1.1
14.7
2.1
5.4
14.3
6.5
6.9
10.3 4.1
32.5
2.4
6.1
15.4
15.4
32.8
7.0
8.4 4.2
1.3
5.1
1.9
14.4
6.o
2.0
7.0
31.8
16.7
2.1
5.0
1.7
3.8
9.5

0
1
2
3
4
5
6
7

C6:0

C8:0

ClO:O

Cl2:0

Cl4:0

Cl6:0

Cl6:l

Cl8:6

Cl8:l

Cl8:2

----------------------------------meq/kg

1.28
1.34
1.28
1.61
1.18
1.30
1.07
1.21

0.54
o.49
0.56
0.37
o.47
0.53
0.53
o.49

0.26
0.27
0.27
0.24
0.25
0.27
0.30
0.26

o.64
o.64
0.63
0.56
o.64
o.68
o.66
o.64

0.81
o.84
0.81
0.72
0.77
0.82
0.79
0.76

fat-------------------------------------1.83
3.83
0.26
0.85
1.90
0.15
1.74
3.95
0.26
o.88
2.05
0.18
1.81
4.02
0.28
o.86
2.11
0.17
1.61
3.76
0.31
0.87
2.21
0.19
1.85
4.06
0.28
0.91
2.01
0.18
1.85
4.08
0.27
o.87
1.80
0.14
1.97
4.21
0.24
0.90
1.97
0.17
1.83
4.03
0.26
o.86
2.13
0.21

8Rancidity-induced cream, ADV 1.29.
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TABLE 8.

Effect of storage at 4.4Con the free fatty acids in butter made from B quality creama.

Months
in storage

Fattr acid

C4:0

C6:0 C8:0

ClO:O

Cl2:0

Cl4:0

Cl6:0

Cl6:l

Cl8:0

Cl8:l

Cl8:2

------------------------------------mole%-------- ----- ------------ ------------ ---

0
1
2
3
4
5
6

7

0
1
2
3
4
5
6

-7

10.3
11.3
11.3
10.6
9.2
9.0
8.1
9.3

4.3
3.9
4.3
3.2
4.o
4.o
4.o
4.2

2.1
2.0
2.1
2.0
2.2
2.1
2.2

2.0

5.1
5.0
4.8
4.7
5.5
5.2
4.9
4.8

6.5
6.6
6.1
6.1
6.4
5.9
6.o
5.8

14.8

13 e7

14.o
13.1
14.7
14.l
14.9
14.1

31.1
31.7
30.9
30.9
33.,2
32.8
32.9
32.2

2.1
1.8
2.2
2.3
2.0
2.2
1.9
2.1

7.0
6.9 ·
6.6
7.5
7.1
7.7
7.3
6.9

15.5
15.6
16 .. 5
18.2
14. 4
15.8
16 . 1
16.8

1.2
1.3
1.3
1.5
L,2

1.2
1.6
1.6

----------------------------------meq/kg fat-------------------------------------1.28
1.46
1.48
1.34
1.20
1.20
1.07
1.29

0.54
0.50
0.57
o.42
0.52
0.53
0.53
0.57

0.26
0.26
0.27
0.25
0.28
0.27
0.30
0.27

o.64
0.65
0.63
0.60
0.72
o.68
0.65
o.66

0.81
0.85
0.80
0.78
0.83
0.78
0.80
0.79

1.83
1.77
1.84
1.66
1.91
1.86
1.97
1.89

3.83
4.08
4.05
3.92
4.29
4.31
4.35
4.34

0.26
0.24
0.28
0.29
0.26
0.29
0.26
0.29

0.85
0.90
o.86
0.96
0.91
1.01
0.96
0.93

1.90
2.03
2.17
2.33
1.86
2.09
2.14
2.27

0.15
0.17
0.17
0.19
0.16
0.16
0.22
0.21

8:Rancidity-induced cream, ADV 1.29.

O"\

\>I

TABLE 9. Effect of storage at -28.9Con the free fatty acids in butter made from C quality crearna.
Fattr acid

Months
in storage

C4:0

0
1
2
3
4
5
6
?

------------------------------------mole%-------- -----·------- -----------------6.6
1.0
10.1 4.2
2.2
14.9
30.7
6.9
2.3
15.5
5.5
2.4
14.6
2.1
10.8 4.7
1.2
6.7
14.7
30.7
6.5
5.5
2 .. 2
6 .. 5
5.4
6.3
15.8
2.3
13.9
31.9
1.3
9.8 4.6
2.4
2.1
4.9
13.0
30.1
7.0
18.5
6.3
1. 5
10.9 3.2
6.o
14.8
2.1
32.0
1.2
6.5
6 .. ?
14.9
2.3
9.1 4.2
1.4
6.6
14.4
2.0
15 . 6
5.4
7.0
2.3
31.9
9.3 4.o
6.8
6.2
2.4
14.5
31.1
15.5
1.5
2.3
9.2 5.2
5.3
6.8
14.6
2.2
6.1
1.7
31.0
4.0
2.2
;J..?.0
5.3
9.3

0
1
2
3
4
5
6
7

----------------------------------meq/kg fat-------------------------------------o_.15
2.23
2.31
1.03
1.51 o.64 0.33 0.83
4.59
0.35
0.99
0.18
2.17
2.19
0.99
4.55
0.32
0.97
1.59 0.70 0.35 0.82
1.00
0.20
2.42
4.91
2.13
0.97
0.33
1.50 0.71 0.35 o.84
4.61
1.08
2.85
0.23
0.37
0.97
1.99
1.69 o.48 0.32 0.75
4.80
1.01
2.22
0.32
0.19
0.98
2.25
1.37 0.63 0.35 0.91
0.21·
1.00
1.06
4.83
2.38
2.19
0.35
1.43 0.61 0.31 0.82
1.06
2.41
4.82
0.23
2.25
0.35
1.43 0.79 0.38 0.82
0.97
0.80
1.04
2.61
0.25
0.94
1.42 0.60 0.34
2.23
0.33
4.73

-

C6:0

C8:0

ClO:O

Cl2:0

Cl4:0

Cl6:0

Cl6:l

Cl8:0

Cl8 : l

Cl 8:2

~ancidity-induced cream, ADV 1.64.
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TABLE

'

10. Effect of storage at 4.4Con the free fatty acids in butter made from C quality creama.
Fatty acid

Months
in storage

C4:0

0
1
2
3
4
5
6
7

------------------------------------mole%---------------------------------------10.1 4.2
2.2
6.6
1.0
6.9
14.9
30.7
2.3
5.5
15.5
6.8
2.0
14.2
2.3
5.4
11.5 4.3
30.2
6.7
15.3
1.3
2.2
5.4
6.3
6.1
1.4
11.7 4.9
16.7
29~2 -- 2.3
13.7
6.1
1.6
12.3 3.0
4.9
19.4
1.9
12.5
2.5
6.7
29.3
1L..2
6.4
10.0 4.3
2.2
2.2
1.4
5.6
7.2
30.5
15.9
1.4
16.4
2.2
2.2
30.8
5.6
6.3
7.1
9.6 4.4
13.9
14.8
2.0
1.6
6.3
6.7
15.9
9.1 4.9
2.5
30.9
5.3
1.6
6.1
14.o
6.6
2.2
10.l 4.9
2.2
30.0
17.2
5.2

0

l
2
3

4

5

6

7

C6:0

C8:0

ClO:O

C12:0

C14:0

Cl6:0

Cl6:l

C18:0

Cl8:l

Cl8:2

---------------------------------meq/kg fat------------------------------------1.51 o.64 0.33 0.83
1.03
2.23
4.59
0.35
0.99
2.31
0~15
1.76 0.65 0.35 0.83
1.04
2.18
4.66
0.31
1.04
2.38
0.20
1.82 0.76 0.35 0.85
0.99
2.15
4.59 · 0.37
0.96
2.63
0.22
1.91 o.47 0.30 0.76
0.94
1.92
4.51
0.38
1.04
2.98
0.25
1.56 o.66 0.34 o.88
0.99
2.21
4.75
0.35
1.11
2.48
0.22 _
2.59
0.22
1.52 0.69 0.35 o.88
1.00
2.21
4.86
0.36
1.13
1.46 0.79 0.39 0.85
1.00
2.36
4.94
0.32
1.08
2.53
0.26
0.98
2.23
4.79
0.35
1.06
2.75
0.26
1.62 0.77 0.34 0.83
~ancidity-induced cream, ADV 1.64.
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initially contained approximately 10'/4 butyric acid as mole%.

Butyric

acid mole% in butter from A quality cream decreased during storage to
7.5% .at 4.4 C and 6.5°/4 at - 28.9 C (Tables 5 and 6).

The butyric acid

~ole % in all other butter dropped only slightly during the storage
period, t he lowest ·value being 9.3% for butter from B quality cream at

4.4 C and for butter from C quality cream at -28.9 c. These
differences ~ere in mole% of butyric acid, but differences can also
be seen i n actual amounts of butyric acid (meq/kg fat).

Butter from

A quali ty cream also contained less amounts of butyric acid, with
values ranging from 0.42 to 0.77 meq/kg fat.

Butter from B quality

cream contained 1.07 to 1.61 meq/kg fat and butter from C quality
cream contai ned 1.37 to 1.91 meq/kg fat.

These data are more meaning-

ful than the mole% data because these figures represent actual
amounts of butyric acid present.

Whereas butyric acid mole% values

showed more than slight differences only in butter from A quality
cream compared to the rest of the butter, the meq/kg fat data show
relatively large differences among all butter qualities.
The effect of storage on butyric acid is also apparent.
acid mole% decreased in all butter during the storage period.
from A quality cream decreased to
at L~.4

c.

6.5%

Butyric
Butter

at -28.9 C, but to only 7.'3'/4

Butter from C quality cream decreased to 9.JJ/4 at -28.9 C

and to 10.1% at 4.4 C.

Butter from B quality cream at both temperatures

decreased to 9.3-9.-9'/4.

In other words, storage time brought decreases

in butyric acid mole%, but the decreases were generally greater in
butter stored at -28.9 C.

Actual amounts of butyric acid were also
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affected by storage.

Butter from A quality cream stored at -28.9 C

decreased from 0.64 to 0.45 meq/kg fat ·of butyric acid (Table 5),
while the same butter stored at 4.4 C decreased to only 0.55 meq/kg
fat (Table 6).

Butyric acid remained about the same in butter from B

quality cream.

Butyric acid in butter from C quality cream stored at

-28.9 C dropped from 1.51 to 1.42 meq/kg fat while the same butter
stored at 4.4 C showed an increase to 1.62 meq/kg fat.

Generally,

butter from poorer quality cream contained greater amounts of butyric
acid.

The storage period usually resulted in decreased amounts of

butyric acid, with a greater decrease in butter stored at ~28.9 C.
Trends similar to those of butyric acid were also shown by caproic and
caprylic acids, but these trends were not as pronounced.
This reduction in butyric acid, as well as caproic . and caprylic
acids, is interesting since the short chain fatty acids are thought
to be major contributors to rancid flavor, and their amounts should
increase as rancidity proceeds (12, 115).

Since butyric, caproic, and

caprylic acids are all quite volatile, perhaps some of these acids
were lost by volatilization during storage.

This loss could have been

increased during the time between removing the sample from storage and
analyzing the sample for free fatty acids by GLC.

The greater

decreases in butter made from better cream and/or stored at -28.9 C
may be explained by the assumption that there were less short chain
free fatty acids liberated in this butter because of a lower rate of
rancidity development.

All of the butter might have lost the same

amount of short chain fatty acids through volatilization, but the
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differences may occur because different amounts of the acids were
liberated.
According to the statistical analysis (Appendix Table 2), only
storage time had a highly significant (P<.Ol) effect on myristic acid
mole%.

Generally, · there was approximately 14% myristic acid in the

butter.

No trend can be determined during storage, so the changes

must have bee~ due to fluctuations in myristic acid mole%.

Cream

quality and storage time had highly significant effects (P<.Ol) on
meq/kg fat of myristic acid .

There was o.88 to 1.09 meq/kg fat

myristic acid in butter from A quality cream, 1.61 to 1.97 -meq/kg fat
in butter from B quality cream, and 1.92 to 2.36 meq/kg fat of myristic
acid in butter from C quality cream.

Net increases in myristic acid

were shown in butter from A quality cream stored at both temperatures
and butter from B quality cream stored at 4.4 C, whereas no net
increases in myristic acid occurred in the other butter.

Storage

temperature had no significant effect on the amounts of myristic acid.
Neither cream quality, storage temperature, nor storage time had
significant effects on the mole% of palmitic acid.

Butter from A

quality cream had about 2.09 to 2.53 meq/kg fat palmitic acid, butter
from B quality cream 3.76 to 4.35 meq/kg fat, and butter from C
quality cream 4.51 to 4.94 meq/kg fat.

During the storage period,

amounts of palmitic acid increased slightly in all butter.

Butter

stored at 4.4 C usually contained more palmitic acid than the same
butter at -28.9 C.
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There was very little difference in mole% ·o f stearic acid in all
butter, with values usually falling between 6.5 and 8.CY/4.

Cream

quali ty and storage temperature did have highly significant effects
(P<.01) on actual amounts of stearic acid, and all butter had net
increases in amounts of stearic acid during the storage period.
Similar trends were found for oleic acid.

The butter from poorer

quality cream. contained greater amounts of oleic acid, and all butter
showed ne t increases in amounts of oleic acid during the storage
period.

Also, mole% oleic acid significantly (P<.01) increased in

all the butter during the storage period.

Oleic acid in all butter

rose ·from about 1~6 to about 17/4.
Several comparisons have been noted concerning the data in Tables
5-10, and more could be made.

Generally, however, the short chain

acids (C4-Cl2) decreased in mole% during storage whereas the long
chain acids, myristic, palmitic, and oleic, increased in mole%.

Some

butter had decreases in actual amounts (meq/kg fat) of butyric and
caproic acids, with little change in caprylic, capric, and lauric
acids.

Except for these instances, the actual amounts of individual

free fatty acids increased in all butter during the storage period.
Some significant effects of storage temperature and length of storage
time can be noted such as a decrease in butyric acid over the 7 month
period, with greater decreases in the butter stored at -28.9 C.

In

many cases, however, storage temperature and length of storage had no
effect on the amounts of individual free fatty acids.

70

Further study was done by grouping the data from Tables 5 through
10 into data for short chain fatty acids (C4-Cl2) and long chain
fatty acids (CI4-Cl8:2).

The resulting data from this grouping is

presented in Tables 11 and 12 with statistical significances presented
in Appendix Table l.
Cream quality had highly significant effects (P<.01) on short
chain mole% and long chain mole%.

Short chain mole% decreased in

all butter while long chain mole% increased.

Short chain mole% for

butter from A quality cream stored at -28.9 C decreased from 27.1 to
21.1% during the 7 month storage period, while short chain mole% for
butter from B quality cream decreased only from 28.4 to 26.4%, and
short chain mole% ·f or butter from C quality cream stored at -28.9 C
decreased from 29.0 to 26.8'/4.

The same butter stored at -28.9 C

showed less decrease in short chain mole%, except for the butter from
B quality cream which showed the same decrease for both temperatures.
According to statistical analysis (Appendix Table 1), storage temperature had no effect on short chain mole%.

Since short chain mole%

and long chain mole% sum to 100'/4, whatever has been noted for the
short chain mole% can be noted for the long chain mole%, but the
trends are reversed.
Cream quality had a highly significant effect (P<.01) on short
chain meq/kg fat.

Butter from A quality cream had short chains in

the amounts of 1.46 to 1.88 meq/kg fat; butter from B quality cream,
3.31 to 3.76 meq/kg fat; and butter from C quality cream, 4.10 to 4.77
meq/kg fat.

Storage temperature had a significant effect (P<.05) on
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TABLE 11. Effect of storage on the short chain· fatty acid (C4-cl2)
content of butter made from fresh cre81!1a and rancidity-induced creamb.
Storage temEerature

4.4

-28.° C
Months
in storaB:e

Cream 9.ualit;r

Cream 9.ualit1
A

B

C

C

A

B

C

---------------------mole%------------------------

0
1
2
3
4
5
6
7
0

1
2

3

4

5
6

7

27.1
26 . 3
24.2
24 . o
22.1
23.8
22.4
21 .1

28.4
28.4
27.7
27.8
26.3
28.4
26.2
26.4

29.0
30.0
28.5
27.3
28.2
27.4
28.4
26.8

-------------------meq/kg
1.72
1.67
1.65
1.54
1.42
1.58
1.50
1.46

3.53
3.58
3.56
3.49
3.31
3.60
3.55
3.36

4.35
4.46
4.38
4.21
4.23
4.18

4.39

4.10

27.1
26.7
27.0
25.0
23.0
23.6
22.4
22.9

28.4
28.9
28.6
26.5
27.4
26.2
25.2
26.4

29.0
30.2
30.6
28.1
28.5
28.1
28.0
28.5

fat----------------------

1.72
1.75
1.88
1.69
1.56
1.63
1.60
1.68

8Fresh cream A, /illV 0.73.
bRancidity-induced cream B, ADV 1.29; C, ADV 1.64.

3.53
3.74
· 3.76
3.37
3.55
3.47
3.35
3.58

4.35
4.64
4.77
4.37
4.43
4.45
4.48
4.55
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TABLE 12. Effect of storage on the lon§ chain fatty acid (Cl4-Cl8:2i
content of butter made from fresh cream and rancidity-induced cream •.
Storage temEerature
Months
in storage
0
1
2
3
4

5

6

7

0

1
2
3
4

5

6
7

4.4 C
Cream quality

-28.2 C
Cream 9.ualit:t:
A

B

C

A

B

C

----------------------mole°/4------------------------71.0
71.6
71.0
72.9
71.6
72.9
69.8
71.1
70.0
73.3
71.6
73.7
69.4
71.4
73.0
71.5
75.8
72.3
71.·9
75.0
73.5
72.2
72.7
76.o
72.6
71.5
71.8
77.0
77.9
73-7
71.9
76.4
73.8
72.6
71.6
.76.2
72.0
74~8
71.6
77.6
77.6
73.8
71.5
73.6
77.1
73.2
78.9
73.6
--------------------meq/kg fat---------------------4.64
8.83
10.63
4.64
8.83
10.63
4.71
9.05
10.37
4.79
9.18
10.78
5.15
9.26
10.99
5.10
9.38
10.92
4.88
8.96
11.14
5.06
9.35
11.09
5.03
9.28
10.79
5.21
9.4o
11.12
5.03
9.00
11.01
5.25
9.72
11.36
9.46
11.12
5.58
9.90
11.50
5.21
5.42
9.35
11.20
5.67
9.93
11.45
~resh cream A, ADV 0.73.
bRancidity-induced cream B, ADV 1.29; C, ADV 1.64.
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amounts of short chain acids in that the butter stored at -28.9 C
~sually had less short chains than the same butter at 4.4 C.

Although

net decreases for short chain meq/kg fat are. shown for all butter at
~28.9 C and butter from A quality cream at 4.4 C, and increases are
shown for butter from Band C quality cream at 4.4 C, these differences
were de t ermined to be not significant as shown in Appendix Table 1.
Cream quality , storage temperature, and length of storage time
all had highly significant effects (P(.01) on the amounts of long
chain acids.

Butter . from A quality cream had 4.64 to 5.67 meq/kg fat

of long chain aci ds; butter from B quality cream, 8.83 to ·9.93 meq/kg
fat; and butter from C quality cream, l0.63 to 11.45 meq/kg. fat.

All

butter showed increases in amounts of long chain fatty acids during
the storage period.

The butter stored at 4.4 C showed greater increases

than the butter stored at -28.9 C.

For instance, butter from A quality

cream stored at 4. L~ C increased from 4.64 to 5.67 meq/kg fat of long
chain acids, whereas the same butter at -28.9 Conly increased to 5.42

meq/kg fat.

The butter from the other two cream qualities showed

similar differences.

Although the long chain fatty acids increased,

their effect of flavor is not considered to be significant (12, 54,
115).
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SID-1lv1ARY

A study was undertaken to determine the effects of induced
rancidity in cream on the quality of butter made from the cream~ and
how the quality of such butter was affected.

Cream was separated from

fresh, raw milk and about 1/3 of it was immediately pasteurized at 85 C
for 18 sec.

The remainder of the cream was subjected to temperature

activation in order to induce rancidity.

Rancidity development was

monitored to obtain two more lots of cream; one with a slight rancid
flavor, and one ~ith a definite rancid flavor.

Both lots were then

pasteurized under the same conditions used for the first lot of cream.
All three lots of cream were held at
churned into butter.

4.4 C for 24 hours and then

Samples were taken from each batch of butter

and placed in storage for 7 months at either 4.4 C or -28.9 C.

All

butter samples were examined monthly by organoleptic evaluation and
analyzed for total free fatty acid content as well as amounts of each
individual free fatty acid.

The effects of cream quality, storage

temperature, and length of storage time on rancidity development in
butter were determined.
All butter produced for this study was initially Grade A.

Butter

produced from cream with no detectable rancid flavor and stored at

-28.9 C remained Grade A throughout the 7 month storage period, whereas
butter made from rancid or slightly rancid cream finished the 7 month
period at -28.9 C as Grade B.

Butter produced from rancid or slightly

rancid cream deteriorated to Grade C after 4 months of storage at 4.4 C,
and the butter from cream with no detectable rancid flavor dropped to
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Grade B after 4 months at 4.4 C.

All butter had deteriorated to Grade

C after 7 months of storage at 4.4 C.

Butter from poorer quality

cream contained significantly (P<.01) greater amounts of total free
_fatty acids.

All butter showed increases in total free fatty acids

during storage, but the butter held at 4.4 C showed greater increases
than did butter held at -28.9 C.
Both f~avor deterioration and increases in

free fatty acids

indicate the presence of rancidity development during storage.

Either

milk lipase was not _totally inactivated by pasteurization or it was
reactivated following pasteurization.

Several recent studies (9, 21,

118~ 136), have indicated that the milk lipase enzyme can be active
following pasteurization and the results of this study are in agreement
with this theory.
Release of free fatty acids by the lipase enzyme is the cause of
rancidity development; however, only the short chain fatty acids,
butyric through lauric, account for the fatty acid contribution to
rancid flavor (12, 54, 115).

For this reason, measurement of total

free fatty acids may not reliably detect rancidity (9); so gas liquid
chromatography was used to measure each individual free fatty acid in
the butter produced and stored in this study.

Amounts of individual

fatty acids were significantly (P<.01) greater in butter from poorer
quality cream.

Butter made from poorer quality cream and/or stored

at 4.4 C contained significantly (P<.01) higher concentrations of
butyric acid.

Long chain free fatty acids from palmitic through

linoleic were found in greater concentrations in butter stored at 4.4 C.

76

Butyric and caproic acids generally decreased in concentration during
the storage period; whereas concentrations of palmitic, palmitoleic,
stearic, oleic,' and linoleic acids increased during storage.
Change in free fatty acid content was also studied by grouping
the fatty acids into short chain fatty acids (C4-Cl2) and long chain
fatty acids (Cl4-Cl8:2).

Total short chain fatty acids were in

significantl~ greater amounts in butter from poorer quality cream, as
were total amounts of long chain acids.

Total concentrations of

long chain fatty acids increased during storage in all butter, whereas
total concentrations of short chain acids decreased.

Although all

butter showed decreases in amounts of short chain fatty acids, the
butter from cream with no detectable rancid flavor showed greater
decreases than butter made from rancid or slightly rancid cream.
The degree of rancid flavor in the cream had little effect on the
initial flavor of the butter; however, butter from rancid cream or
slightly rancid cream deteriorated in flavor more rapidly than did
butter made from fresh cream.

Butter produced from cream free of

rancid flavor was held at freezer temperatures (-28.9 C) for 7 months
without decreasing a flavor grade, whereas butter made from rancid
cream and held under the same storage conditions deteriorated.

Storage

at refrigerator conditions (4.4 C) resulted in at least one lower
USDA Grade for all butter after 4 months.

Butter made from rancid

cream dropped t o Grade C after 4 months of storage.

Therefore, butter

should not be held at refrigerator temperatures for longer than 90
days, whereas butter will keep well for 7 months at freezer temperatures.
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Butter produced from rancid or slightly rancid cream will deteriorate
faster than bu~ter made from fresh, sweet cream.
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Appendix Table 1. Statistical analysis of treatment effects on flavor,
total free fatty acids, short chain fatty acids and long chain fatty
acids of butter held in storage.
Free
Fatty
Acids

Short
Chains
mole%

Short
Chains
.meq

Long
Chains
mole%

Long
Chains
meq

••

••

••

••
••
••

Treatments

Flavor

Aa

•
••
••

••

Ax B

N.S.

*

AxC

N.S.

Bx C

Bb
cc

A

X BX

C

••
••

N.S •

••

•
•

N.S •

*

N.S.

N.S •

N.S.

N.S.

••

N.S.

. N.S •

N.S •

••

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

Cream quality.

C

•
•

•

••
••

a .

b

N.S.

Storage temperature.
Storage time (months).

*P<.05
**P<.01

N.S.=Not significant.

Appendix Table 2. Statistical analysis of treatment effects on individual .f ree fatty acids (mole%)
of butter held in storage.
Fatt:t: acid
Treatments

C4:0

C6:0

C8:0

ClO:O

Cl2:0

Cl4:0

Cl6:0

Cl6:l

Cl8:0·

Cl8:l

Cl8:2

Aa

**

*

**

**

••

N.S.

N.S.

*

•

N.S.

N.S.

Bb

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.s·.

*

N.S.

cc

**
**

*

N.S.

*

**

**

N.S.

N.S.

**

AX B

*

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

•

••

N.S.

N.S.

N.S.

Axe

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.s.

N.S.

••

N.S. ·

N.S.

Bx C

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

AxBxC

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

••

aCream quality.
bStorage temperature.
cStorage time (months).
*

P<.05

**P<.01

N.S.=Not significant.
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Appendix Table 3. Statistical analysis of treatment effects on individual ,free fatty acids (meq/kg
fat) of butter held in storage.
Fatt;z acid
Treatments

C4:0

C6:0

C8:0

ClO:O

Cl2:0

Cl4:0

Cl6:0

Cl6:l

Cl8:0

Cl8:l

Cl8:2

Aa

**

••

••

••

**

••

••

••

•••

••

"b
B

**

N.S.

N.S.

N.S.

*

N.S.

•

N.S •

N.S.

•

••

•

••

...

••

N.S.

N.S.

N.s.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S •

N.S.

AxC

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S •

BxC

N.S.

N.S.

N.S.

•
•

••
•

•
••

AxB

•
•

*

••
•• •

N.S.

N.S.

•

N.S.

N.S.

N.S.

N.S.

AX BX C

N.s.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.s.

N.S.

N.S.

cc

aCream quality.
b

Storage temperature.

cStorage time.
*P<.05
**P<.01

N.S.=Not significant.
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